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1.0

EXECUTIVE SUMMARY

Marshall Hall was selected by the US Army Corps of Engineers to participate in
the Energy Efficiency Analysis Program. The objective of this program is to
assist military installations in identifying energy usage and cost saving projects
at their facilities and possibly provide funding for projects. Entech

Engineering, Inc. was selected to perform this study.

Ft. McNair spent $444,600 on energy for Marshall Hall, $1.83 per square foot,
during fiscal year 1993. Of this amount, electricity comprised 78% of the cost
while the remaining 22% was from natural gas. Entech has identified the

following areas as having the greatest cost savings potential:

Lighting

Boiler Operation

Cooling System Operation

Energy Management System Operation

Kitchen Equipment

A total of twenty-seven (27) Energy Conservation Opportunities (ECOs) were
developed and evaluated. ECOs describe the means to reduce energy
consumption and operating cost. Of the twenty-seven (27) ECOs, fourteen (14)
have been developed as economically feasible. The remaining thirteen (13)

investigated did not prove to be economically attractive.

The economic feasibility of a recommended ECO is measured by the simple

payback period and savings to investment ration (SIR). Entech and the EEAP

Entech Engineering, Inc.
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Program recommend that ECOs with a simple payback period of under ten (10)
years and SIR greater than one (1.0) should be further considered for
implementation. ECOs with payback periods of under four (4) years should be

considered for more immediate implementation.

The estimated total cost for the construction of the recommended ECOs is
approximately $607,700. The estimated annual energy savings are about
$180,400 for a 41% reduction from current energy expenditures. This savings
yields an average simple payback period of 3.4 years. In addition,
approximately $1,100 in maintenance savings would be realized. A summary
of the recommended ECOs is shown in Table 1.0.1. The recommended ECOs

are prioritized by SIR. Table 1.0.2 lists non-recommended ECOs.

ECIP Projects: To qualify for an ECIP project, an ECO or group of ECOs must

have a construction cost greater than $300,000. In addition, a simple payback
period of less than 10 years and an SIR greater than 1.0 must be achieved.
Presently there is no single recommended ECO or groups of recommended
ECOs which would qualify for ECIP funding. This finding was determined
during the Pre-Final meeting on July 26, 1995. It should also be noted that
ECO #9 is currently in the ECIP program.

Non-ECIP Projects: These are ECOs which do not meet the construction cost

and payback period criteria, but have an SIR greater than one (1.0). All ECOs
recommended ECOs into this category. In addition, there are some non-
recommended which had SIRs greater than 1.0. Non-ECIP Projects are listed in
Table 1.0.4.

Entech Engineering, Inc.
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Table 1.0.1, Recommended ECOs, Prioritized by SIR

Energy & Payback
Construction Maint. Period
ECO # ECO Description Cost Savings (yrs) SIR
1 Reduce Boiler Cycling $9,000 $13,300 0.7 38.1
2 Expand Energy Monitoring and Controi System $50,000 $58,000 0.9 249
3 Shut off Boiler in Summer $14,000 $11,400 1.2 20.1
4 Security Room AC Renovations $7,000 $2,600 2.7 6.8
6 Reduce Building HVAC Outdoor Air $16,000 $4,400 3.6 5.1
Requirements
4A Shutdown Chiller During Winter and Summer $77,000 $19,800 3.9 4.7
Unoccupied Periods
11 3' HPS Bollards $800 $200 4.0 4.6
7 Replace Electric Dishwasher Booster Heater $20,000 $5,000 4.0 4.0
8 100 Watt HPS Loading Dock Luminaires $6,500 $1,200 54 34
5 Electric Cooking Equipment to Matural Gas $25,000 56,400 3.9 3.2
9 4' T-8 Lamp Retrofit $210,000 $34,700 6.1 3.0
13 Motion Sensors $15,000 $2,400 6.3 2.9
10 Reflectors $137,900 $19,600 7.0 2.6
14 Exit Signs to LED $13,000 $1,800 7.2 2.5
12 Replace 75 Watt Mercury Vapor Wall Washers $6,500 $700 9.3 1.9
Totals $607,700 $181,500 33

Entech Engineering, Inc.
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Table 1.0.2, Non-Recommended ECOs, Prioritized by SIR

Energy & Payback
Construction Maint. Period
ECO # ECO Description Cost Savings (yrs) SIR
E Shutdown Chiller During Winter and Summer $90,000 $23,500 3.8 4.8
Unoccupied Periods
C 3' MH Bollards $800 $190 42 4.1
F Security Room $12,000 $1,400 8.6 22
L Electric Rate “GT-3B” $500,000 $55,400 9.0 1.9
H Peak Shaving with Diesel Generators $145,000 $11,700 124 1.5
J Oxygen Trim Controls on Boilers $22,000 $1,100 20.0 1.3
G Variable Frequency Drive Controllers $110,000 $8,900 12.4 1.3
A 150 HPS Loading Dock Luminaires $6,500 $400 16.3 1.1
B 2'and 3' T-8 Lamp Retrofit $19,000 $1,100 17.3 1.1
K PEPCO’s Curtailment Program $145,000 $8,400 17.3 1.0
I Chilled Water Storage $290,000 $10,300 28.2 0.6
D Exterior Lighting $16,000 $400 40.0 0.5
Table 1.0.3, Recommended ECIP Projects, Prioritized by SIR
Energy & Payback
Construction Maint. Period
ECO# ECO Description Cost Savings (yrs) SIR

No ECOs Qualify as ECIP Projects

Totals

1-4

Entech Engineering, Inc.




Table 1.0.4, Non-ECIP Projects, Prioritized by SIR

Energy & Payback
Construction Maint. Period
ECO # ECO Description Cost Savings (yrs) SIR
1 Reduce Boiler Cycling $9,000 $13,300 0.7 38.1
2 Expand Energy Monitoring and Control System $50,000 $58,000 0.9 249
3 Shut off Boiler in Summer $14,000 $11,400 1.2 20.1
4 Security Room AC Renovations $7,000 $2,600 2.7 6.8
6 Reduce Building HVAC Outdoor Air $16,000 $4,400 3.6 5.1
Requirements
7 Shutdown Chiller During Winter and Summer $77,000 $19,800 39 4.7
Unoccupied Periods
12 3' HPS Bollards $800 $200 4.0 4.6
8 Replace Electric Dishwasher Booster Heater $20,000 $5,000 4.0 4.0
9 100 Watt HPS Loading Dock Luminaires $6,500 $1,200 54 34
5 Electric Cooking Equipment to Natural Gas $25,000 $6,400 3.9 32
10 4' T-8 Retrofit $210,000 $34,700 6.1 3.0
14 Motion Sensors $15,000 $2,400 6.3 29
11 Reflectors $137,900 $19,600 7.0 2.6
14 Exit Signs to LED $13,000 $1,800 7.2 25
13 Replace 75 Watt Mercury Vapor Wall Washers $6,500 $700 93 1.9
Totals $607,700 $181,500 33

Table 1.0.5 on the following page shows the comparison of existing energy use,

and energy use after all recommended ECOs are implemented.

The following sections of this report describe in detail the findings as outlined
above and contain the necessary cost estimate and calculation backup data as
required. The reader is encouraged to carefully review each of the following
report sections to understand the assumptions, methodology, and discussions

involved.

Entech Engineering, Inc.
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Table 1.0.5, Energy Use Before and After ECOs

Description Existing Proposed Savings Percent

Total Energy Cost $444,600 $264,210 $180,390 40.6%
Total $ per sf $1.83 $1.08 $0.75 41.1%
Total Energy (mmBtu) 30,399 17,000 13,399 44.1%
Total Energy (Btu/sf) 124,867 69,828 55,038 44.1%
Electric Usage (kWh) 5,080,693 2,696,959 2,383,734 46.9%
Electric Demand (kW) 12,388 9,041 3,347 27.0%
Electric Cost $ $345,300 $205,010 $140,290 40.6%
Electric Energy (mmBtu) 17,340 9,205 8,136 46.9%
Electric Energy (Btu/sf) 71,228 37,809 33,419 46.9%
Natural Gas Usage (mcf) 12,678 7,568 5,110 40.3%
Natural Gas Cost $ $99,300 $59,200 $40,100 40.4%
Natural Gas Energy (mmBtu) 13,058 7,795 5,263 40.3%
Natural Gas Energy (Btu/sf) 53,639 32,019 21,620 40.3%
Fuel Oil (gal) 0 0 0 0.0%
Fuel Oil Cost $ 0 $0 $0 0.0%
Fuel Oil Energy (mmBtu) 0 0 0 0.0%
Fuel Oil Energy (Btu/sf) 0 0 0 0.0%
Building Area 243,450 243,450 243,450

Entech Engineering, Inc.
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2.0
2.1

2.2

METHODOLOGY

General

The intention of this energy report is to assess Marshall Hall's current energy
consumption and provide recommendations to improve energy efficiency.
Entech has developed a very thorough format which is adhered to during the
development of an energy report. This format has permitted Entech to construct
comprehensive reports in a smooth and timely process. Entech has employed
the format in the preparation of over five-hundred (500) energy studies for

commercial, industrial, and institutional clients.

The following is a listing of the components in Entech's methodology for

completing energy studies:

Kickoff Meeting

Data Collection/Initial Review

Site Inspection

Model Existing Energy Characteristics
Energy Conservation Opportunities
Draft Report generation

Client Review

Final Report Generation

© NV AW

Kickoff Meeting

In order to initiate the process, Entech scheduled a kickoff meeting at Marshall
Hall in October of 1994. Entech was represented by William M. McMahon Jr.
and Jack Fisher. John Forgue, Baltimore District Corp. of Engineers,
represented the government. Other government agency representatives were

also in attendance.

Entech Engineering, Inc.
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2.3

2.4

The purpose of the meeting was to introduce both parties and explain the
process Entech was planning to follow during the study. In addition, the

overnment's expectations were noted and incorporated into the project.
g p p proj

Data Collection/Initial Review

Prior to the first site inspection, Entech requested electric and gas billing data
for Marshall Hall. Entech reviewed the data to determine the operating profiles
of the building. In addition, Entech visited both the Capital Area Office POC,
Ft. Belvoir, and the C.O.E. Office, Baltimore, to review construction and design

documents.

Site Inspection
Entech performed site inspections of Marshall Hall during the months of
November and December 1994. During these visits, Entech investigated

lighting and HVAC systems.
Lighting: Entech visited each area of the building and recorded the quantity,
type, and wattage of lighting luminaires. In addition, the operation and

effectiveness of the systems were recorded.

HVAC: During the lighting survey, Entech investigated the heating, air

conditioning and ventilation systems of the building.

In addition to the above areas the following were also collected.

1.  Operating Schedules
2. Building Photographs

Entech Engineering, Inc.
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2.5

3.  Building Drawings

Entech interviewed building personnel to acquire an accurate overview of
building function and operation. An inventory of Energy Conservation
Opportunities (ECOs) was developed and compiled after the conclusion of each

site inspection.

Model Existing Energy Consumption

2.5.1 General
Once the site investigation phase is complete, Entech models the existing
operation of energy users within the building. Entech uses in-house
computer programs, purchased computer programs, and literature to
assist in calculating current energy costs for equipment, HVAC, and
lighting systems. The three main computer models used to estimate

energy use is as follows:

1. Lighting Model
2. Electric Model
3. Heat Loss/Gain Model
2.5.2 Lighting Models
Entech uses a Lotus spreadsheet program to model the lighting load of

distinct areas of the building. A sample lighting model is shown in Table

25.2.1.

Information collected during the site inspections is entered into the
program to develop a monthly estimate of energy cost, usage, and

demand which is associated with building lighting. The program breaks

Entech Engineering, Inc.
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down the costs by room or area. A definition of each column heading in

the model is as follows:

Area: Location of lighting luminaires.

Type: Distinguishes luminaires with ballasts from luminaires without
ballasts. The number 1.15 is the ballast factor included for luminaires
which incorporate ballasts. These include Fluorescent, High Pressure
Sodium, Metal Halide, and Mercury Vapor. A 15% increase in electrical
load created by the ballast is accounted for by using this factor. A ballast
factor of one (1) is used for incandescent luminaires since there are no

ballast losses.

Illum (FC): Footcandle light level reading measured in each area.

# of Luminaires: Number of luminaires in each area. Luminaires used

only for emergency lighting are not included.

Lamps/Luminaires: Number of lamps per luminaires.

Watts per Lamp: The rated electric loss per lamp or bulb. (Ballast losses

not included.)

Total Watts: Total watts is calculated by multiplying (Type) x (# of

Luminaires) x (Lamps per Luminaire) x (Watts per Lamp).

Entech Engineering, Inc.
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{ 2.5.3

Hrs/Wk: The estimated hours of operation in one week.

% of kW on Peak: The estimated amount of connected load that is

contributing to the typical monthly on-peak electrical demand. Normally

this is less than 100% to account for burned out lamps.

kW on Peak: Calculated by multiplying (Total Watts) x (% On-Peak) +
(1,000 Watts/kW).

Monthly kWh: Calculated by multiplying (Total Watts) x (Hrs/Wk) x
(4.3 Wks/Mo) + (1,000 Watts/kW).

Monthly Costs: Calculated by multiplying kW and kWh by the
incremental rates for demand and usage shown at the bottom of the

lighting model.

Recommended Light Levels

Table 2.5.3.1 is extracted from the [lluminating Engineering Society
(IES) and shows recommended light levels in footcandles for various
areas and activities within the building. These values were compared
with the levels recorded during the site investigations and were used to

identify problem areas.

Entech Engineering, Inc.
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TABLE 2.5.3.1
IES LIGHT LEVEL RECOMMENDATIONS

Recommended
Area/Activity Light Level

Classrooms 50-100 fc
Locker Rooms 10 - 20 fc
Machine Shop 50-100 fc
Print Shop 50 -100 fc
Auditorium (Assembly) 20-50 fc
Conference Room 20-50 fc
Drafting Room 50-100 fc
Kitchens 50-100 fc
Dining Areas 10-20fc
Offices 50 - 100 fc
Library Reading Area 50-100 fc
Library Stack Area 20-50 fc
Computer Room 20-50fc
Recreation Rooms 10-50 fc
Storage Rooms 10-20 fc
Bathrooms 10-20 fc
Stairways and Corridors 10-20 fc
Lobbies 10 -20 fc
Building Entrances 5 fc
Gymnasium 30 fc

Entech Engineering, Inc.
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} 2.5.4 Electric Model
. Entech's electric model is a computer spreadsheet used to identify electric
loads within the building and to identify the individual contribution to

electrical demand, usage, and cost.

Loads have been identified from site investigations and drawings.

Information from the lighting model is reflected in the electric model.

It is important to realize that the electric model is an approximation of the
electricity used by each load. It shows general relationships and gives a

reasonable allocation of electrical demand, usage, and cost.
Demand (kW) contributions and estimated kWh usages are then included
‘ in subsequent calculations of the Energy Conservation Opportunities of

Section 6.0.

A sample electric model is shown in Table 2.5.4.1. A description of each

column heading follows:

Connected Load: The total connected electric load is expressed in kW.

Winter Demand: The average kW contributing to the billing demand
each month. Winter months include December, January, February, and

March.

Entech Engineering, Inc.
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Intermediate Demand: The average contribution to billing demand in the

intermediate months of April, May, and November.

Summer Demand: The average contribution to billing demand in the

summer months of June, July, August, September, and October.

Winter Usage: The estimated full load equivalent off-peak, intermediate,
and on-peak hours that the load operates in a day within the following
schedules during the months of December through March. The following

table lists the utility billing periods.

Billing Period Time of Day days/mo
Off-Peak 12:00 am to §:00 am 30
24hrs Saturday/Sunday
Intermediate 8:00 am to 12:00 pm 20
8:00 pm to 12:00 am
On-Peak 12:00 pm to 8:00 pm 20

The kWh/mo in the next column is then calculated by multiplying
(Connect Load) x (Hrs/Day) x (# of days). The lighting load is

calculated in the lighting model and included within the electrical model.

Intermediate Usage: Same as winter usage except months are April,

May, and November.

Summer Usage: Same as winter usage except months are June through
October.

Entech Engineering, Inc.
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2535

Non-Summer and Summer Totals Per Year: The kW/month for each
season is multiplied by the appropriate number of mo/season to calculate
annual kW for non-summer and summer. The kWh/year is calculated in
the same manner as KW. The non-summer and summer costs are

calculated by multiplying kW and kWh by the incremental costs.

Heat Loss Model (Degree Day Method)

A building heat loss model, based upon the ASHRAE Degree Day
Method, was developed for Marshall Hall. This computer model is one
of the tools utilized by Entech to determine heating usage and costs. The
model estimates the design heat loss in Btu/hr and also approximates

energy usage and costs associated with space heating.

A sample heat loss model is shown in Table 2.5.5.1 on the following
page. This model is not particular to any building or area, rather it is only
to be used for methodology explanation. The building is divided into
various heating zones that possess distinct characteristics. Wherever
possible, the space or zone reflects the actual zoning of the heating
system. The various areas are combined to give a total building model of

space heating.

The model is divided into three sections as follows:

Exterior Data: The heat loss attributed to transmission losses through

walls, windows, doors, and roofs. A U-value is calculated for each

building element and is shown at the bottom of the page.

Entech Engineering, Inc.
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Ventilation/Infiltration: The heat loss attributed to the ventilation system.

Wherever possible, building design data was used to calculate the amount
of outside air (cfm) being brought in for ventilation., Infiltration was
based on air change estimates based on the following building

construction:

Tight 0.3  Air change/hr
Average 0.6  Air change/hr
Leaky 1.0  Air change/hr

The value used is shown at the bottom of Table 2.5.5.1.

Below Grade: The heat loss through the floor and any underground

walls. The average ground temperature is assumed to be 50°F.

Each zone has three lines of information. The first line is the input data
used such as wall areas, window area, etc. The second line is the
calculated design heat loss (in Btu/hr) based upon the input data. This
number represents the amount of heat loss during the design condition of

0°F outside temperature.

For example, in Table 2.5.5.1, the window area in zone 1 is 340 sf. The
associated heat loss through the window is therefore, 23,760 Btu/hr and is

calculated as follows..

Btu

Heat Loss = 360 sf x 1.1
sf-°Fhr

x (65°F-5°F)

Entech Engineering, Inc.
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The third line is the estimated energy cost for the year based on the
heating degree day formula. This procedure is based on Chapter 28 of
the 1985 Fundamentals Handbook of ASHRAE. In our example, using
the zone 1 windows, the annual energy cost associated with transmission

losses through the windows is $152 per year.

(HeatLoss x hdd x 24ﬂ)

day $

Cost = % x C,
: Btu mmBtu
(outtemp —mtemp) x 1,000,000
mmBtu
(23,760 % x 5,108hdd x 24;’—")
COSf = r ay % $505 % 0_62

mmBtu
((65°F—5°F) x 1,000,000 Biu )

mmBtu

Cp, is an empirical correction factor for heating effect versus 65°F degree

days found in the ASHRAE Fundamental Handbook.

2.5.6 EZDOE

General: Entech utilizes an hourly energy use simulation program known

as EZDOE. This program is a PC version of the Department of Energy's
simulation program known as DOE-2.1D. The program has the
capability of calculating hour-by-hour energy use of all aspects of a
building. This program will be used to substantiate estimates prepared by
other modeling tools throughout this study. This section will provide a

short overview of the program and its capabilities.

Entech Engineering, Inc.
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Energy Calculations: EZDOE calculates the annual energy consumption
of HVAC systems based on U.S. Department of Energy standards. The
program contains four (4) main simulation sections utilized are as

follows:

1 Loads

2 Systems

3 Plants

4 Economics

Loads: This portion of the program allows the user to construct a

database on the building. Some of the areas of input are listed below:

[e—

Exterior and Interior Wall Constructions

Roof Constructions

Window Details, Exterior Door Details

Schedules, Daily, Weekly, and Monthly

Luminaire Type and Load

People Occupancy Rates

Space/Area Definition
Miscellaneous Loads Such as DHW Usage

O | X | Q|| n bW

General Equipment Load

[—
O

City/Weather References

Systems: This section simulates air distribution systems which can be

utilized within a building. Twenty-two different air handling systems are

Entech Engineering, Inc.
2-15




supported. In general, spaces defined under loads can be attached to

systems. The following table lists some features which can be assessed:

1 Variable Air Volume

2 Preheating

3 Night Setback

4 Economizer

5 Reheating, Humidification
6 Baseboard Heating

7 System Scheduling

Plants: This section simulates the building's physical plants (boilers,
chillers, water heaters, etc.) and various options. The program has the
capability of sizing equipment based on loads or sizes that can be
manually enter into the program. A wide variety of equipment can be
simulated. The following table lists additional features which can be

utilized.

1 | Thermal Storage

Peak Shaving

Demand Limiting

B WD

Load Management

Economics: This portion provides a means to simulate utility tariffs and
costs. Fuel consumption during specific time periods can also be

generated. The following is a list of features which can be utilized:

Entech Engineering, Inc.
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1 | Demand Costs

On-Off Peak Usage Costs

Demand Ratchets

W

Seasonal Rates

2.5.7 mmBtu/Unit
The following energy values have been used in the energy calculations in
this report. These values are from the Institutional Conservation Program
(ICP) as administered by DOE. The following table lists conversion
factors from Appendix A of Architect/Engineer Services Instruction.
Both listings are generally within 10% of each other. The units used
throughout this report, electricity, gas, and oil are within 1% of each

other. This variance is within acceptable levels.

Table 2.5.7.1 mmBtu/Unit

ICP, DOE
Fuel Type Btu/Unit Used | A&E Manual Notes
Natural Gas (mcf) 1,030,000 1,031,000 minor
#1 Heating Oil (gal) 134,204 | - n/a
#2 Heating Oil (gal) 138,690 138,700 | minor
#4 Heating Oil (gal) 144503 |  e---- n/a
#6 Heating Oil (gal) 149,690 149,700 | minor
Propane (gal) 91,500 95,500 n/a
Coal (ton) 24,000,000 | 24,600,000(Bit) n/a
Steam (1bs) 1,150 1,000 [ minor
Electricity (kWh) 3,413 3,413 same

Entech Engineering, Inc.
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2.6 Energy Conservation Opportunities (ECOs)
After the energy models have been finalized, Entech procegds to analyze the
ECOs which were developed during the site inspection. An ECO describes an

idea for decreasing energy usage or costs, and the format consists of the

following sections:

1 | Existing Condition Description

Proposed Condition Description

Capital Cost Estimates

Energy Savings

| W

Discussion

2.6.1 Existing Condition

A general description of the existing condition will be provided as well as

current annual energy usage and cost.

2.6.2 Proposed Condition Description
The project, which is to be implemented, will be described in adequate
detail. The expected energy usage and cost for the proposed project will

be formulated and shown.

2.6.3 Capital Cost Estimates
The capital cost estimates prepared for this study are considered to be

"conceptual" in nature. They are conceptual because they are based upon

Entech Engineering, Inc.
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2.64

engineering design that is less than one percent of a complete detailed

design effort for such a project.

The cost estimates are broken down into material, labor, and engineering
components. Calculations or a spreadsheet are usually provided with

each ECO.

The final results of a project can vary significantly from the "Conceptual”
cost estimate. The American Association of Cost Engineers (AACE)
generally states that an accuracy range of plus or minus 20% from the
total estimated cost is possible. Variations beyond this range are possible

for the stated scope, but not likely.

Since it is not possible for the consultants to know the most likely
variations that can occur in the future, nor can they control certain
technologies, contractors, or general economic conditions. The costs
estimated herein should not be construed as fixed or precise. Rather, they
are estimates which will require a great deal of effort to manage until the

final costs are realized.

Cost Savings
This division of the ECO compares the existing and proposed energy

costs and notes increases or decreases in energy consumption.

Entech Engineering, Inc.
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2.7

2.6.5 Discussion
Entech notes the expected simple payback period for the ECO. Any

additional benefits or concerns are noted in this section.

Draft Report/Client Review/Final Report

After the previous sections have been substantially completed, Entech proceeds
to compile the information into the report format. Entech schedules a meeting
with the client to present its findings. A copy of the report is supplied to the
client for a more detailed review. The client's review process typically lasts 2-3

weeks.

Entech will then proceed to incorporate the clients review comments and

produce a final report.

Entech Engineering, Inc.
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3.0
3.1

3.2

FACILITY DESCRIPTION

General

Marshall Hall, The National Defense University Academic Operations
Building, is located on the grounds of Fort Lesley J. McNair, Washington, D.C..
Building construction was completed in 1991 and encompasses approximately
243,450 gross square feet of floor area on three floor levels. Marshall Hall is

utilized for numerous activities and maintains the following areas.

Table 3.1.1, Building Use

1 Classroom Facilities

Conference Rooms

Meeting Rooms

Dining Facilities

Library

2
3
4 | Computer Labs
5
6
7

Printing Shop

Building Occupancy
General: Marshall Hall's daily occupancy averages approximately 450 people.

Currently a full-time staff of less than 400 people is maintained. Building
occupancy can vary significantly by as much as an additional 400 - 600 people.
The increase generally occurs during times of special conferences, two or three
times a month. Marshall Hall has no set hours of operation. Staff and kitchen
personnel begin to arrive around 6:30 a.m. The building is fully occupied
between 9:00 a.m. and 4:00 p.m. Most of the staff leaves the premises prior to

5:00 p.m. Security personnel tend to occupy the facility 24 hours per day.

Entech Engineering, Inc.
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3.3

Library: The library is available for use five days a week between the hours of

8:00 a.m. and 5:00 p.m. By special request, the library may be opened for use

on weekends.

Dining Facilities: The cafeteria is generally open for breakfast and luncheon
meals. According to kitchen personnel, approximately 300 meals are prepared
daily. This quantity varies with the level of building activity. The cafeteria is in

operation between the hours of 5:30 a.m. and 2:30 p.m.

Building Structure

Exterior Walls: In general, the typical exterior wall construction consists of a

4" masonry unit, 6" of insulation, and building board. The masonry unit varies

between brick and stone. Total exterior wall resistance is calculated at 21.4 as

show below.
Table 3.3.1, Wall Resistance

Material/Thickness Resistance Value
Outdoor Air Film 0.17
4" Masonry Unit 0.44
Building Felt 0.06
2" Gypsum Sheathing Board 0.45
6" Insulation 19.00
5/8" Gypsum Board 0.56
Indoor Air Film 0.68
Total Resistance 21.40
Thermal Transmission (1/R) 0.05

Entech Engineering, Inc.
3-5




3.4

Roof: In general, the typical roof construction consists of a membrane roofing

material over rigid insulation board on concrete decking. The total roof

resistance is calculated to be 23.0.

Table 3.3.2, Roof Resistance

Material/Thickness Resistance Value
Outdoor Air Film 0.17
Membrane Roofing 0.00
3.5" Rigid Roofing 22.00
4" Preformed Concrete Slab 0.24
Indoor Air Film 0.61
Total Resistance 23.00
Thermal Transmission (1/R) 0.04

Glass: Window area utilizes tinted insulating glass. The thermal transmission

U value is 0.53 and the shading coefficient is 0.34.

Mechanical Systems

Heating: Marshall Hall's heating plant consists of two (2) natural gas fired
steam boilers operating at 15 psi. Boilers are rated at 100 HP and 50 HP.
Boiler operation is in response to maintain system steam pressure. Boilers are
located in an equipment room on the first floor level. The following table lists

information on the boilers gather during site investigation and from drawings.

Entech Engineering, Inc.
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Table 3.4.1, Boiler Schedule

# Fuel HP Steam [bs/hr | Blower HP
B-1 Nat Gas 100 3450 3
B-2 Nat Gas 50 1725 2

A boiler feed system is used to collect condensate and pump make-up water

back to the boilers. The system consists of a 3/4 HP, 150 gallon feedwater

pump set and a 1/3 HP, 10 gallon condensate receiver.

Steam is utilized for outdoor air preheat, space humidification and hot water
heating system. Six (6) of the ten (10) building air handling units have steam
preheat coils and nine (9) have humidifiers installed. Humidifier and preheat
coil operation is controlled by the building energy monitoring and control

system. Table 3.4.2 lists preheat and humidification capacities by air handlers.

Table 3.4.2, AHU Preheat and Humidification Coil Size

Air Handler # Preheat, MBH | Humid., Ibs/hr
IN
1S 45
2 1,580 157
3 725 74
4 786 131
5 92
6 1,625 184
7 274 31
8 61
9 44 10

Entech Engineering, Inc.
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Hot water for the heating system is generated by a steam-to-water convertor.
Water temperature is controlled by a single steam control valve in response to
heating water supply temperatures. The supply water temperature is reset in
response to outdoor air temperature. The current heating system is designed for

180°F leaving the convertor and 160°F entering the convertor.

Two (2) heating system hot water pumps circulate water throughout the
building. Pumps are rated to circulate 180 gpm each and have 7.5 HP motors
installed. The pumps are capable of both stand alone and parallel pumping

operation. The hot water heating system services include:

Preheat outdoor air for four (4) building air handling units.
Reheat coils for numerous variable air volume systems.
Perimeter finned tube radiation.

Space cabinet and unit heaters.

Five (5) building fan coil units and two (2) computer room units.

Vo

The table below lists hot water coil sizes for the air handler units.

Table 3.4.3, AHU Hot Water Coil Sizes

Air Handler # Coil, MBH
IN 202
1S 517
5 389
8 449

Building heating system components are controlled by a combination of two

and three position type control valves in response to space temperature.

Entech Engineering, Inc.
3-8




Cooling: Marshall Hall is primarily cooled by two (2) electric water cooled
centrifugal chillers. The chillers are rated at nominal 400 tons and 250 tons
each and are operated in response to maintain chilled water supply temperature.
The chillers are located in an equipment room on the first floor level. The

following table list information on the chillers:

Table 3.4.4, Chiller Schedule

# Type Tons | Volts Amps
CH-1 | Centrifugal 400 460 360
CH-2 | Centrifugal 250 460 230

Chiller heat is rejected toa centrifugal counterflow type cooling tower. The
cooling tower has two (2) cells and has a nominal capacity of 680 tons. Each of
the cooling tower fans is driven by a 50 HP motor. The cooling tower is located

on grade adjacent to the chiller equipment room.

Two (2) condenser water pumps circulate cooling water between the chillers
and the cooling tower. Two (2) chilled water pumps circulate chilled water
between the chillers and the building air conditioning air handling units. Pumps
are located within the chiller equipment room. The following table lists

information on the pumps:

Entech Engineering, Inc.
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Table 3.4.5, Cooling Pump Schedule
# Service gpm HP

Chilled Water 400 15

4 | Chilled Water 640 30
5 Condenser 750 20
6 | Condenser 1,200 30

The condenser water system is designed for 85°F water leaving the cooling
tower and 95 °F water entering the cooling tower, and outdoor ambient design
wet bulb temperature is 78°F. The two condenser water pump capacities are

matched with their respective chiller, 400 tons/1,200 gpm and 250 tons/750
gpm.

Chilled water system is designed for 45°F water leaving the chillers and 60°F
water entering the chillers. The chilled water pump capacities are also matched

with their respective chiller, 400 tons/640 gpm and 250 tons/400 gpm.

A single 7 ton packaged air cooled chiller is installed to provide dedicated
cooling for the special collections area by AHU-9 . This is a glycol chilled
water system providing lower temperature water in response to low space

relative humidity levels required. The following table lists available data on

this chiller:
Table 3.4.6, Air Cooled Chiller
# Type | Tons | Condenser | Volts Amps
ACCH-1 | Recip. 7 | Air Cooled 460 26

Entech Engineering, Inc.
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Ventilation: Marshall Hall is ventilated through ten (10) individual air handling
units. Air handling units are situated in equipment rooms strategically located
within the building. All air handlers have provisions for heating and cooling,
including enthalpy controlled economizers. Approximately 181,800 cfm of
supply air and 48,800 cfm of outdoor air introduced through the air handling

units. The following table lists air handler supply and outside air cfm:

Table 3.4.7, Air Handler ¢cfm

AHU # | Supplycfm | Min O.A. cfm |
IN 5,250 300
1S 11,900 3,250
2 35,600 11,370
3 18,000 5,655
4 11,040 9,810
5 26,400 5,675
6 44,750 5,565
7 5,600 2,400
8 21,300 4,570
9 2,000 265

In addition, there are five (5) fan coil units and two (2) computer room units
serving selective isolated spaces in the building. The cafeteria kitchen hood has
a dedicated 100% outdoor air make-up unit capable of tempering air only. This

unit supplies 4,230 cfm of outside air to the kitchen.

Entech Engineering, Inc.
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The atrium area of Marshall Hall is equipped with a smoke removal system
incorporating two (2) supply air fans and one (1) exhaust fan. The smoke

removal system is activated by the building fire alarm system.

Seven (7) of the building air handling systems have variable air volume (VAV)
terminal units. Building perimeter spaces and spaces with a roof have VAV
terminals with hot water reheat coils for winter heating requirements. Interior
building spaces have VAV terminals without reheat coils. VAV terminals
without reheat coils control space temperature by varying air flow to the space
served. The building balancing report indicates minimum air flows for these

units to be 15% of the design supply air flow.

In general, VAV terminals with reheat coils vary air flows to maintain space
temperature set points. Reheat coils are activated on a drop in space
temperature below the set point. Minimum air flows for these units are either

30% or 100% of the design supply air flow, dependent on the area served.

Three (3) of the building air handling unit systems operate as single zone space

temperature control.

Building Exhausts: Marshall Hall is a large complex with varied exhaust
requirements. Building exhaust requirements include:

Equipment Rooms

Toilet Rooms

Cafeteria/Kitchen

Special Space Operations
Miscellaneous Building Operations

Nk
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Exhaust systems for the entire building total approximately 109,400 cfm. Of
this total, systems with an independent outdoor air source account for
approximately 75,100 cfm. The remaining exhaust, approximately 34,300 cfm,

is introduced through the air handling unit systems.

Domestic Hot Water: Marshall Hall's domestic hot water needs are met by a
gas fired hot water generator. The table below summarizes information on the

unit;

Table 3.4.8, Domestic Water Heater Schedule
Fuel MBH | Recovery, gph AT

Nat. Gas 1,400 1,631 100°F

Water is heated to and stored at 140°F, a blending station produces 120°F for
general building use, and 140°F water is utilized by the cafeteria/kitchen area.
Domestic hot water for the building is used for the restrooms, cafeteria/kitchen,
locker rooms and general cleaning needs. The cafeteria/kitchen facility utilizes
a 45 kW electric booster heater to meet higher dishwashing water temperature

requirements of 180°F.

Controls: Marshall Hall control systems are by Robertshaw Controls Company.
In addition to local space temperature controls, a building energy monitoring
control system (EMCS) is present. The EMCS has the capability to control all
major building HVAC components and monitor selective building functions.

However, presently only air handler scheduling is mainly utilized.

Entech Engineering, Inc.
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3.5

3.6

Food Preparation

Meals: According to kitchen personnel, approximately 300 meals are prepared

daily. The facility prepares breakfast and lunch five days a week. In general,

the kitchen is occupied from 5:30 a.m. through 2:00 p.m.

Equipment: The facility employs a wide variety of electric and natural gas
cooking equipment. Most of the larger equipment is gas-fired while smaller

convenience equipment is electrically operated. The following table lists the

major pieces of equipment:

Table 3.5.1, Major Kitchen Equipment

Equipment Type Quantity | Gas-Btuh | Electric-kW
Convection Oven 1 100,000
Convection Steamer 1 200,000
Fryer 1 100,000
Range/Oven 2 130,000
Broiler 2 40,000
Fryer 1 11.4
Griddle 1 12
Booster Heater 1 45
Char Broiler 1 10

Electrical

Service: Power is supplied to Fort McNair by the Potomac Electric Power

Company by two (2) 13.2 kV high voltage radial feeders. The building is

served under pepco's GT rate schedule.

Entech Engineering, Inc.
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Transformers: The two (2) 13.2 kV feeders, feed two (2) 2,000 kVA oil-filled

unit substation transformers. A 480Y/277V/3 phase/600 hertz secondary
building distribution is provided for building lighting and large equipment
loads. 208Y/120V/3 phase/60 hertz dry type transformers are located on each

floor level for building receptacles and small equipment loads.

Emergency Power: Marshall Hall's emergency power source is a 250 kW diesel

fired generator.

Lighting: Lighting for Marshall Hall is accomplished predominantly through
the use of fluorescent lighting luminaires of various sizes for the most part
utilize 40 watt lamps. Certain areas and spaces within the building utilize H.I.D
and incandescent fixtures. In general, lighting systems are wired for two (2)
lighting level switching. Table 3.6.1 on the following page displays a luminaire
schedule which was developed from design drawings. This will be used to

identity luminaire types in the Light Model.

Entech Engineering, Inc.
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LUMINAIRE SCHEDULE

MARSHALL HALL
TABLE 3.6.1
Lum.  Luminaire {Lum. ' Luminaire
Letter Type Mounting Lamps [ & Letter’ Type Mounting Lamps'
A 2 x4 Troffer = Recessed Lay-In 4-40 D1 - Low Voltage ' Recessed Ceiling 50
i A1 2x4 Troffer Recessed Lay-In | 3-40 i D2 : Low Voltage . Recessed Ceiling 50
A2 2 x4 Troffer Recessed Lay-In =~ 2-40 i D3 LV Adjustable Recessed Ceiling 25
: A3~ 1x4 Troffer Recessed Lay-In . 2-40 | D5 = LV Track ' Recessed Ceiling 50
. A4 1x4Troffer ' Recessed Plaster - 2-40 D6 Track Light . Recessed Track 150 .
- A5 1x4|ndustrialji Surface Pendant = 2-40 D7 Shower Light Recessed 9,13 -
AB 48" Strip * Surface In Cove 1-40 D8  Lamp Holder - Surface 100
A7 36" Strip Surface In Cove 1-30 D9 = Downlight : Recessed Ceiling 100
A8 24" Strip Surface In Cove 1-20 D10 Dark Room : Recessed Ceiling 15,100
A9 . 2x2 Troffer Recessed Lay-In . 2-40 D11 Opal Downlight% Surface 100
. A10 Shelf Surface In Cabinet -~ 2-13 D15  Downlight ' Recessed Ceiling 18
A1 48" Strip Recessed Ceiling  2-40 D16 40"Light Strip . - 17-5
A12 2 x4 Troffer - Recessed Ceiling  3-40 D17 92" Light Strip m—enme 41-5
"A13  2x4Troffer  Recessed Ceiling =~ 2-40 D18 118" Light Strip-  ==---— 53-5
CA14 Wall Luminaire . Surface Wall 2-40 E Exit + Recessed Ceiling 2-8
A15 Indirect - Suspended Ceiling 2-40 E1 . Exit . Recessed Ceiling  2-8
© A16 48" Strip ~ Surface In Cove 1-40 E2 Exit Recessed Wall 2-8
“A17  1xA4Troffer | Recessed Grid 2-40 E3 . Exit Recessed Ceiling =~ 2-8
- A18 96" Strip Surface In Cove 2-40 E4 Exit . Recessed Wall 2-8
A19 Kitchen 2 x 4 Recessed Ceiling  4-40 ES Exit ‘ Recessed Ceiling 2-8
A20 48" Strip Surface In Cove  1-40 E6 Exit Recessed Ceiling = 2-8
A21 2 x4 Troffer Recessed Ceiling =~ 4-40 E7 - Exit . Recessed Wall 2-8
A22 36" Strip Recessed Ceiling - 2-30 F HID Metal Halid' Surface 175
A23 Wall Bracket |  Surface Wall  2-40 F1 . HID Square Recessed . 175
- A24 48" Strip + Surface In Cove 248 F3 HID Downlight - Recessed Ceiling 250
- A25  2x2Troffer Surface Ceiling 2-40 F4 HID . Recessed Ceiling 7%
" A26 . Plugging Strip Suspended Ceiling - G = Wak Light Recessed Wall 1-50
‘§A27 33"UnderL©hﬁ Surface j1-8j3' H Spot Light Track ' 1000 .
A28 mergency Ligh{ Surface + 2-36 | H1 Artificial Light © Luminous Ceiling = 12-40 -
i A29 21" Task Light | Surface - 1413 S1 Parking Lot Pole 250 -
B Surface Wall Surface Wall ~ ; 2-13 B¢ S2 = Walkway Pole 100 ‘
~C Chandelier Surface Atrium 5:2-250 S3 , Step Light \ Recessed Wall ‘ 50 ‘
fé C1  Chandelier ‘ Suspended Ceiling ~ 8-60 54 i3 Foot Bollard Grade 1 150 ‘
© C2 - Chandelier | Suspended Ceiling = 8-13 S5 | Security Light | Pole 2250
C3  Chandelier | Suspended Ceiling 1-250 i S6 . Tree Light ‘ Grade 100
D LV Adjustable - Recessed Ceiling : 50 S7 | Security Light | Pole - 250
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4.0 BILLING HISTORIES

4.1 General
The energy analysis for this report is based upon data during the 12-month period
from October 1993 through September 1994. The total energy cost for Marshall
Hall during that period was $444,600 and is distributed as follows:

Table 4.1.1, Energy Cost Distribution
Electricity $345,300

Natural Gas $99.300
Total $444.,600

The annual energy cost distribution is graphically shown below in Figure 4.1.2.

Figure 4.1.2
Energy Cost Distribution

Electricity 77.7% $345,300

Natural Gas 22.3% $99,300

Entech Engineering, Inc.
4-1




The total area for Marshall Hall, as identified in Section 3, is 243,450 sf. Based
on the annual energy cost presented above, the energy cost per square foot for

Marshall Hall is $1.83. Breakdown by fuel type is shown below in Table 4.1.3.

Table 4.1.3, Energy Cost Per sf

Electricity $1.42
Natural Gas $0.41
Total $1.83

Entech has found most institutional buildings at approximately $1.00/sf to
$1.30/sf (Table 4.1.3A). Marshall Halls costs are therefore above average. This
primarily appears to be due to electricity. Typically, electric costs are

approximately $0.70/sf.

Table 4.1.3A, Sample $/sf Listing

Institutions $ S/sf Note
Cabrini College $246,500 | $1.01 | Gas/Oil Heat, A/C
Eastern College $307,000 | $0.99 | Gas/Oil Heat, A/C
Immaculata College $526,000 | $0.94 | Gas/Oil Heat, A/C
Moravian College $528,000 | $1.32 | Electric Heat, A/C
Elizabethtown College | $529,000 | $1.34 | Electric Heat, A/C

Another useful energy consumption indicator is point of use Btu's per square
foot. As calculated below the energy usage per square foot for Marshall Hall is

124,867 (71,228 Btw/sf + 53,639 Btu/st).

Entech Engineering, Inc.
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Flectric (nmBta) = 17,340 mmBtu (5,080,693 kWh x 3,413 BtwkWh) =
1,000,000 Btu/mmBtu]

Gas (mmBtu) = 13,058 mmBtu [(12,678 mef x 1,030,000 Btu/mcf) +
1,000,000 Btw/mmBtu]

Electric (Btwsf) = 71,228 Btw/sf (5,080,693 kWh x 3,413 BtwkWh) +
243,450 sf]

Gas (Btw/sf) = 53,639 Btwsf [(12,678 mcf x 1,030,000 Btu/mcf) +
243,450 sf]

Figure 4.1.4 below graphically shows the distribution between fuel types.

Figure 4.1.4
Energy Usage Distribution

Electricity 57.0% 71,228

Natural Gas 43.0% 53,639
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4.2

This figure indicates that electricity accounts for 57% of the building energy
usage while figure 4.1.2 shows electricity accounting for 78% of the cost. This

means that natural gas provides more energy per dollar spent than electricity.

Electricity

Potomac Electric Power Company (pepco) provides power to Marshall Hall
under the GT-3 A rate (General Service, Time Metered). This rate is available to
customers taking service at voltages between 4.16 kV and 33 kV. Table 4.2.1
on the following page displays the electric billing history for Marshall Hall

during the past two years.

Entech Engineering, Inc.
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4.2.1 Incremental Cost
Entech Engineering developed a Lotus spreadsheet computer program to
determine the incremental cost for electricity. Using actual billing data,
usage and demand are entered into the program, and the bill is

calculated. The computer calculation should match the utility's bill.

To calculate the incremental cost for billing demand, the electric bill is
re-calculated using one less kW of demand. The cost difference between
the actual bill and the bill calculated with one less kW is considered to be

the incremental cost for demand ($/kW).

The same procedure is performed for usage (kWh). The bill is calculated
using one less kWh, with the difference in the two costs being the
incremental usage cost ($/kWh). For this facility, the incremental cost

for electricity is as follows:

Table 4.2.1.1, Incremental Costs

Winter Summer

Incrementals (Nov-May) (Jun-Oct)
Demand, $/kW $6.60 $17.09
Oft-Peak, $/kWh $0.037 $0.034
Interm., $/kWh $0.046 $0.047
On-Peak, $/kWh $0.053 $0.062

The incremental costs will be used in calculations of the electric and

lighting models as described in Section 2.

Entech Engineering, Inc.
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The use of incremental rates is reasonably accurate for calculating cost
savings due to small changes in demand and usage (£25%) from existing
levels. The use of incremental rates is less accurate in calculating cost
savings with larger changes in demand and usage (>25%) and tends to
underestimate savings slightly (usually < 2%). However, for the
convenience of calculating the feasibility of various options, the use of
incremental rates for demand and usage is either accurate or slightly

conservative (savings not overestimated) and is therefore prudent.

Copies of the calculations of the incremental cost, and monthly electric

bills are included in the Attachments 9.1 through 9.3.

Entech Engineering, Inc.
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4.2.2 Electric Usage
Electric usage is measured in kilowatt hours (kWh). One kWh is
equivalent to the usage of 1,000 watts of electricity for one hour. Figure
4.2.2.1 graphically shows electrical usage profile of the Marshall Hall for
the period of October 1992 through September 1994.

The graph indicates that electric usage follows a cooling curve. This is

evident from the increases seen during the summer.

Marshall Hall
Electric Usage, Figure 4.2.2.1
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4.2.3 Monthly Demand
Electrical demand is the highest rate of electrical energy used during a
specified time interval (normally 30 minutes). The measurement of electric
demand is expressed as kilowatts (1,000 watts). Electrical demand is not
necessarily related to the amount of time the electrical components are in
operation. The monthly billing demand profile for Marshall Hall during the
past year is graphically shown in Figure 4.2.3.

From Figure 4.2.3, it can be seen that the billed demand is fairly consistent
during the winter months and increases as the warmer months are

encountered.

Mashall Hall
Electric Demand, Figure 4.2.3.1
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4.3

4.4

Fuel Oil

Fuel oil is presently not used at Marshall Hall.

Natural Gas

Marshall Hall uses natural gas for space heating, cooking, domestic hot water,
and humidification during the course of a year. Natural Gas is provided by

Washington Gas Light Company under Rate Schedule #2 (Firm Service Other

Than Residential). Table 4.4.1 below displays 1992-94 natural gas

consumption.
Table 4.4.1, Marshall Hall Gas Usage
Usage

Month (mef) | Cost(§) | $ permcf| mmBtu
October, 1992 $0.00
November 1,988 | $15,270 $7.68 2,048
December 2,336 $19,172 $8.21 2,406
January, 1993 2,284 | $18,319 $8.02 2,353
February 2,184 $17,249 $7.90 2,250
March 1,593 $12,272 $7.70 17,239
April 1,276 $10,037 $7.87 1,314
May 672 $5,371 $7.99 692
June 507 $4,209 $8.30 522
July 258 $2,190 $8.49 266
August 541 $4,203 $7.77 557
September 860 $5,601 $6.51 886
Totals 14,499 | $113,893 | $7.86 14,934

Entech Engineering, Inc.
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Table 4.4.1 (Continued)

Usage

Month (mcf) Cost ($) | $ per mcf | mmbBtu
October, 1993 1,003 $7,721 $7.70 " 1,033
November 1,501 $11,652 $7.76 1,546
December 1,968 | $15,039 $7.64 2,027
January, 1994 2,627 | $20,600 $7.84 2,706
February 2,171 $17,460 $8.04 2,236
March 1,453 $11,485 $7.90 1,497
April 692 $5,606 $8.10 713
May 441 $3,527 $8.00 454
June 97 $726 $7.48 100
July 212 $1,612 $7.60 218
August 176 $1,312 $7.45 181
September 338 $2,553 $7.55 348
Totals 12,679 | $99,293 $7.83 13,059

Figure 4.4.2 on the following page graphically displays gas consumption for the

past two years.

Entech Engineering, Inc.
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Marshall Hall

Natural Gas Usage, Figure 4.4.2
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5.0
3.1

5.2

ENERGY CALCULATIONS

General

Currently, Marshall Hall is individually metered for electric and gas
consumption. However, when conducting a detailed energy study of a single
building, it is essential to estimate the energy consumption patterns for
equipment, systems, and areas. Energy usage of equipment, building areas, and
systems will be calculated throughout this section as described in the
Methodology Section. The light model, electric model, heat loss model,

EZDOE as well as other estimating tools will be employed during this task.

All estimated results will become the basis for subsequent Energy Conservation

Opportunities during later sections of this report..

Lighting Model

Entech calculated a lighting model for Marshall Hall based upon information
collected during walk-through and from drawings obtained during the study.
The light model is shown on the following pages in Table 5.2.1 and represents a
typical month in which the winter electric rates are in effect. From the light
model, the average watts per square foot for the building is 1.9 (470,603 watts +
243,450 sf) which is average for most facilities. Overall, Entech found the
lighting levels to be adequate. Table 5.2.2 on the following page summarizes

the results of the light model.

Entech Engineering, Inc.
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Table 5.2.2, Light Model Summary-Typical Monthly Distribution

| Type #of Lum | Demand Usage Cost §

4' Fluorescent 3,372 345| 88,366 $6,606
3' Fluorescent 384 13 2,870 $227
2' Fluorescent 30 1 150 $12
Mercury Vapor 63 5 1,263 $95
Compact FL 318 8 2,121 $157
Exit Signs 105 2 1,406 $73
Metal Halide 57 17 6,778 $413
Incandescent 460 46| 10,854 $844

Totals 4,789 437 ] 113,808 | $8.427

Figure 5.2.3 below graphically displays lighting demand distribution for Marshall

Hall.

Figure 5.2.3, Lighting Model Results
Typical Monthly Demand Distribution

Fluorescents 84.4% 369

Mercury Vapor 1.1% 5

candescents 10.5% 46
Metal Halide 3.9% 17

Entech Engineering, Inc.
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5.3

The above graph indicates 84% of monthly lighting demand is from fluorescent
luminaires of various types. Figure 5.2.4 below shows fluorescent luminaires

contribute 83% of monthly lighting electric usage.

Figure 5.2.4, Lighting Model Results
Typical Monthly Usage Distribution

Mercury Vapor 1.1% 1,263
Metal Halide 6.0% 6,778
Incandescent 9.5% 10,854

Fluorescents 83.4% 94,913

Electrical Model

An electric model, as described in Section 2.5.4, has been developed for
Marshall Hall and can be viewed in Table 5.3.1 on the following pages. The
model represents the 1993-94 operation of the building as indicated by Ft.
McNair personnel and observed by Entech teams. The model is employed to
approximate the contribution from electrical users to the buildings annual electric
cost. The electric model will be used in conjunction with other models during
subsequent calculations to determine future energy costs and savings. Table

5.3.2 summarizes the results of the electric model.

Entech Engineering, Inc.
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Winter Biliing Mosths

Intermediate Billing

a,

Total Winter ipter Summer Off-Peak later. On-Peak Off-Peak Inter.
C Demand Demand D d hry/ hry/ bry/ hry/ ey
No. Descrigtion Load (k kW/Month kW/Month kW/Month day  kWh/Mo day kWh/Mo dav kWh/Mo dav kWh/Mo dav kWh/M
|
2JAHU-IN
3 JGrownd Fioor:
4 |Cabinet Unit Heater 1-B 0.1 0.1 00 00] 95 3455 1355 13 60 0 00
S JCabmnet Unit Heater 2-B 0.1 (X 00 00 95 34 55 13 5§ 13[ o0 000
6 JCabinet Unit Heater 3-N 0. 01 0.0 00] 95 34 55 13 55 3{ 00 0 00
7JAHU-18
8 |Grownd Flcor:
9 [Cabinet Unit Heater I-E 01 01l 0.0 0.0] 95 3455 1385 13[ 00 0 00
10 {Cabinet Unit Heater 3-5 0.1 0.1 00 00| 95 34 S5 13§55 13{ 00 000
11 JLi; 54 5.t S 5.1 149 . 472 700 149 4
12 [Miscell, Equip 50 20 20 20 50 70 20 300 20 200] " $o 75020 p
11.0 7.6 71 7.1 1.070 738 964 899 6
04 03 03 03} 95 4. 5§53 @55 4 5 114 55 <
0.4 03 03 0.3 93 114 3% 44 Ss 4] 95 14~ 5% 2-
0.1 0l 0] o1l 95 N 13- 35 5 R 34 3 i
642 601 60.1 601 3,578 6.017 3.489 3578 60!
310 124 124 124] 350 4650 20 1240 20 L3050 3650 170 1.2:
96.1 732 732 732 3.490 7358 9.830| 8,490 7.3¢
23 Floor:
24 {Fan Coil Unit § 04 03 03 03] 95 103 5% R [ KR 103 55 4
38 | Third Fioor:
26 JAC Unit 3 [X] 06 06 06 95 214 s% 83 55 83| 9% 214 55§ 8
27 3
28 JExhaust Fan 18 02 01 01 01 95 sS4 s% 2 B 21 R N T
29 |Exhaust Fan 3-B 03 03 02 021 9% 7155 38 5§ 3 K T T
30 [Lighung 65.2 583 S8 8 588 533 5383 7.995 533 5.3k
31 Misceilaneous Equip 230 92 93 92 50 345 20 920 20 920 S0 3450 20 92
32 [Sub-tetais $9.3 69.2 §9.2 §9.1 4,425 6,478 9.086 4,425 6.47¢
33JAHU~4
4|Light 288 273 373 273 56 2,508 3,735 56 2,50¢
|35 [Miscelianeous Equip [X) 20 20 20]  so 750 20 200 20 200 50 750 20 2o¢
36 [Sub-totals 333 293 29.3 29.3 306 2,708 3,945 806 2.70<
37JAHU-S
38 §Grownd Fioor:
39 fAir Handler 15 75 56 56 S6f 95 2138 55 825 55 825f 9¢ 3138 §¢ 825
40 JFan Coil Unit | 08 06 06 06| o5 213853 83 ss 8i[ 9¢ 203 5% 83
41 [Fan Coil Umit 2 0.6 05 05 05] 93 17185 6% 55 66| 9% 171 5% 60
42 [Fan Coil Unit 3 0.5 04 04 04] 95 14 §% R [ CEH 143755 55
43 |Fan Coit Unit 4 0.8 04 04 04]” 95 143 38T 555 S5 93 14355 )
1 08 038 08| 95 3188 121 53 121] 9§ 31§ 85 121
274 168 163 168 9% 6383 88T T 3a615E 2363) T oF 6383 %3 2464
37 28 28 28 95 1055 5% 407 §5 07| 9+ 1055 §% 407
112 34 84 84 93 3192 5% 1233 5% 1,32 9% 3192 ¢ 1,233
0.8 06 06 06] 95 21 55 T8y 5% 831 9% 213 <S 83
03 02 02 02 95 71 55 TTTg 55 28] 9% 70 5% 28
113.6 1113 1113 1115 3.543 } 10.22] 15.278 3,543 10257
44.0 176 176 176] 5o 6600 20 1760 30 1,760 50 6600 20 1.760
211.9 166.0 166.0 166.0 23,179 1739 22,456 24,179 17.399
$6.0 420 420 420 83 14280 45 5040 45 5040 85 14280 45 5,040
224 168 168 16885 STI2 45 3016 45 30i6] 85 712 45 2,016
0.1 0.1 00 00] 95 34§55 1355 3] 00 0_ 00 0
60| Transfer Fan 3C 08 06 06 06] 953 214 55 g3 5% 8] 95 204 5% 83
61 [Cabinet Unit Heater JE 0.1 01 00 00] 95 34 55 13 55 3] 00 0 00 0
| 62|7hird Floor: .
[ 63 Fan 2A 04 0.3 03 03] 95 105 5% 41 53 41 93 105 s§ a1
34 [Exhaust Fan 2B 0.6 04 04 04 9% 160 5§ 62 55 62 93 160 85 62
65 |Exhaust Fan 6B 0] 0.1 01 o1 a3 34 ss 13 <5 3] 9% 335 §% EN
| 66 {Exhaust Fan 6A 03 02 0z 0] 9% 7i 55 28 S5 B[ 9¢ 71 53 28
67 JExhaust Fan 19 0] 01 01 o1l 95 M S8 T T3 sy B] 9% 34 55 15
68 [Exhaust Fan 20 0.2 01 0.1 01| 9% I T T T 21 95 $4_ ss 3
6 Fan 2C 0.1 [X] 01 01 95 34 53 13 55 ] KE 39 55 13
70 |Exhaust Fan 2D 02 0.2 02 02| 9% s7__ 53 2 55§ 23 93 755 32
71 JExbaust Fan 6C 0.1 0.1 0] 0.1 95 34 ss 1355 13[ 95 33 55 13
72 JLights 100.5 945 45 945 ; 1,937 3.638 12,935 1.937 8,638
7 laneous Equip 260 10.4 104 104] 30 3900 20 1040 20 1,00~ 50 3900 20 1,040
74 [Sub-totals 2079 166.0 165.8 165.8 26,695 17,068 21,365 26.627 17,043
75 U-7 -
76 Fioor: ‘ ;
77 [Convection Oven 03 0.1 0] o1l 20 1520 1020 10
78 [Chilled Water 0.2 01 01 0.1 0.8 37770 4 05 2
79 [Refrigerator 0.2 01 01 [ 80 46 a0 15 40 15
30 [Microwave [ 07 07 07f 05 23 10 3005 13
81 Ismk Heater 90 41 1 41| 20 540 40 720 20 360
82 JSiicer 0.3 0.1 01 01 0.3 4 05 3 05 3
M) o7 (K] 07 07 07 05 23 05 T 15 0% 5]
& Booster Heater 430 38 315 31503 67530 180 30 T3
. .3 |Dishwasher 150 105 105 105f 05 325 30 600 20 600
86 [Washer 0.2 0l 01 01f 05 320 3 1o 3
87 | Dispor 0.6 03 03 03 0.5 8§ 20 TTTTm 10 11
88 [Milk Di s 0.2 0l 01 01 05 _rTIoT 6 10 3
89 JCoffee Maker 150 _10% 103 0520 90040 12007 20 600
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Electric Model
Buiiding 62
Table 5.3.1
|
l.lmntm Summer Billing Months
Off-Peak Lmter. On-Puk -Peak inter. On-Peak Noa-Summer
\ hry ! hry/ hry hry/ bry Demand Off-Peak Inter On-Peak Cost Demand Off-Peak
dav day kWh/Mo kWh/Mo day kWh/Mo dav kWh/Mo dry__ kWh/Mo kW/Yr, KWH/Yr, KWH/Yr, KWH/Yr. S kW/Y'r. KWH/Yr.«
M e ———— e —— e —— o ———
00 0 00! 0 00 o] o0 0 00 0 00 0 0 137 3 3 HE 0 0
0.0 0 00 0 00 o] 00 000 0 00 0 0. 137 53 $3 $13 0 0
00 0i 007 0: 00 o] 00 0 00 0 00 0 0 137 53 53 sI3 [} 0
0.0 o] 00" 0. 00 of ooi 0 00 0 00 0 0. 137 53 $3 $13 0 0
00 0 00! 0 00 of 00 0 00 0 0.0 0 0 137 §3 $3 513 0 0
149" ; 472 700 149 472 700 36 1,043 3304 3.900 $686 26 745
50 750 20, 2000 2.0 200] 5.0 750 20 200 20 200 j 14 $.250 1.400 1.400 3425 10 3,750
899 " 672 900 899 672 900 57 €577 4,968 6.86¢ $1.174 36 3,455
{ i ! . .
9% 1147 53, 4 ss ) 95 14 5% 33 55 43 2. 798 308 308 574 H 570
93 14, 851 44, 55, 4] 95 e 5% 455 41 2 798 308 308 374 2 570
9§ 34 ss. 1355 5] X 34 8% [E] 58 13 1 239 93 92 $21 [} 17
3,578 : 6,017 8,489 3,578 6.017 8,489 421 35046 42119 59,923 $8.790 301 17.8%
S0 4650 20 1,240 20 1.280] 50 465 20 1240 20 1,240 87 32.550 3.680 §.680 $2637] 61 23350
£.490 7358 9,830 8,490 7.348 9.830 512 £9.431 81,567 68811 811,597 366 43,451
i
95 103 55° 40 §5 ] 95 103 5% 40 55 40 2 718 277 277 $66 1 HE
9s 214 8% 83 53 83 95 214 s§ 83 ss 83 4 1.496 78 §78 BEC 1065
95 54 S.S 2] s 21 95 4 S 31 55 21 | 37 146 "1 3H i
95 7 R 28 55 28] 95 T ss 28 55 28 i 4% 193 T ey T Tsa6 - [ 356
533 5.384 7,998 355 5,384 7,995 412 3.731 37688 T 55968 $7.554 294 2,665
50 345" 20 920 20 920 S0 3450 20 9200 20 920 o4 24,150 6440 6440 $1.956 a6 17.250
4.425° 6475 9.086 4,428 6,475 9.086 484 30.973 45322 63490 $9.797 316 22.124
56 2,505 3,745 6 2,505 3,748 19] 392 17,538 26.213 s3472] 137 280
50 750- 2.0 20020 200] 50 750 20 200 20 200 14 5.250 14900 1,400 $425 10 3.750
206 2,708 3,945 306 2,705 3,945 208 $.642 18.935 37618 53.857 147 4,030
| .
25 213855 825 55 835 95 2138 55 825 5% 825 39 14,963 [ELH 8 10,688
'S 214 [X] 83 (K 3 95 214 55 TR 83 4 1.99% $135 3 1,060
IH 171, 8§ 66 55 6] 95 17185 66 55 66 3 1,197 S 2 853
X 1437 3§ $5__ 55 [H IH 193 8% 55 S [H 3 %98 $92 3 713
s 14317 353 §§_ 55 $1 95 143 5§ $5T%5S 55 3 998 (A 8 2 713
'S5 345§ 121.__ 85 13195 3458 131 5% 121 6 2195 $203 3 1568
| : 0 $0 0
'S 6384 5% 2484 55 24641 95 6384 535 2364 5§ 2,464 1138 44,688 17,248 17.338 $4.137 84 31,920
! i 0 0 0 S0 0
s 1055, 55 407 55 407 95 1055 5§ 407 5S 407 19 7.382 2.849 289 s683] T T Ta 5273
s 3192385 1232 55 1.232] 95 3192 5% 1233 5% 1,233 59 22344 8,614 8,629 $2.069 & 15.960
H 21455, 83 55 83f 95 214 55 83 55 83 3 1.4%6 578 78 $139 3 1.069
3 T 5§ 28 S5 28] 95 7 55 28 5% 28 i 499 193 193 $46 1 356
3543 10,221 15.278 3545 10.221 15.278 781 24,301 71547 106,946 $i5.028 558 17715
0 T 6600, 20 760 20 1,760]  s0 6600 20 1760 20 1.760 123 46.300 12320 12320 $3.742 38 33.000
241791 17399 22.456 23179 17.399 23,456 1,162 169255 121,790 157.185 $37.867 830 120.896
i |
s 14280, 45 5040 45 5.040] 85, 14280 4§ 5040 a5 5,040 294 99.960 35.280 35,280 $9.132 210 71,400
5 57127 4§ 2016 45 20161 85 5712 45 2016 45 2,016 118 39.983 14,112 15112 $3.653 84 28,560
) 01 0.0 000 o] 00 000 000 0 0 137 3 53 313 0 0
: 21455 83 55 (3] ICH 215 5% 83 5§ 83 4 1.4% 578 §78 $139 3 1,069
) 0l 00. 000 o] 00 0 00 0 00 0 0 137 53 53 513 0 0
i ] . 0 0 0 S0 0
105 355§ 4 55 4] 95 16555 31 5% 41 2 738 288 288 $63 1 527
160 35 62 53 62 95 16055 6255 62 3 1.117 431 431 $103 2 798
O X 13 55 ] 55 54 5% 13 55§ 13 1 239 97 52 523 0 171
718§ 28 55 28] 95 7155, 28 55 28 1 495 193 193 $46 1 356
34 K (K] 3] 95 348§ 13 55 13 1 239 92 92 $22 0 171
54 KX 53 21 95 54 5% 21 5s 21 [ 379 146 146 $35 1 271
455 55 3] 95 34 5% 13 55 13 1 239 [H 92 $22 0 171
57, SS. 23 33 2] 95 575§ 22§58 22 ] 3% 154 153 $37 1 285
485, 355§ 13] 95 34 85 1385 13 K 239 [H 92 $22 0 171
1.937 ; 3,638 12,935 1,037 8.638 . 12,933 662 13.559 60.460 90 835 $12.448 473 9.685
3900,  20. 1040 20 1.040] 50 3900 20 1,040 20 1,040 73 27.300 7.280 7.280 $2.211 53 19,500
26.627 17,042 21,339 26.62° 17,042 21,339 1,161 186.663 119,400 149.479 $27.936 319 133,135
! ;
15 20 10 20 10] 20 1S 20 1020 10 1 105 70 70 $16 1
3 1.0 4 05 2] 65 3 10 305 2 1 20 37 i3 $7 0
46 40 15 40 15 80 6 40 15 40 15 ] 319 106 106 $26 0
px] 1.0 3005 15| 05 33 10 30 05 15 S 158 310 105 $52 3
$40° 40 720 20 360 20 590 a0 720 20 360 23 3.780 5.040 2.520 seoz| 20
4 05 305 305 i 05 37 0% 3 1 26 13 1
233 05 15 05 [H B 3 05 15 05 15 s 158 105 3
675 20 1,800 20 1.800f 05 675 30 1800 20 1,800 221 3,728 12.600 8
25 30 600 20 600f 05 25 20 600 20 600 74 1.57¢ 4,200 4200 3
3 20 8 10 4| o5 520 g 1.0 4 1 20 <3
8 20 22 1.0 Ti| 6w § 20 22 10 11 3 59 157
2 20 6 10 Y K T 20 610 3 0 16 EL i )
900 40 1,200 20 600] 20 900 40 1300 20 600 74 6.300 8300 200 s TR0




immer Summer

ier Oun-Peak Cost Demand Off-Peak inter On-Peak Cost
HYr.  KWH/Yr. s KW/Yr. KWH/Yr  KWH/Yr.  KWH/Yr. s No.
1
2
3
3 s3 313 0 0 0 0 0] 4
53 53 $13 0 0 0 0 0] s
53 53 $i3 0 0 0 0 0] ¢
7
3
53 53 $13 0 0 0 [ o] 9
$3 53 $13 0 0 0 0 S0 10
3,304 4,500 $686 26 745 2,360 3.500 $789] 11
1,400 1,400 $425 10 3,750 1,000 1,000 $07] 12
4,963 6.564 SL174 36 4,495 3.360 4.500 si.196] 13
14
15
308 308 $74 3 570 220 20 65 16
308 308 $74 2 570 320 230 $691 17
92 92 $22 0 171 66 66 S20] 18
219 59,423 $8.790 301 17.890 30.085 42,435 $9.785 19
8,680 8,680 $2.637 62 23.250 6,200 6.200 52.526] 30
1.507 68811 S11.597 366 42,451 36.791 49.1%1 $12.474] 21
bl
i}
Exil 277 $66 [ 513 198 o198 se2] 24
33
578 578 $139 3 1.065 93T SI39[ 26
27
146 146 $35 ] 271 105~ 108 $33] 28
193 193 $46 i 156 138 13 ] 5
" 688 55,965 §7.554 294 T 2665 26920 739675 $8859] 30
M0 TR0 $1.956 4% 17.250 4,600 3,600 $1.874] 31
322 T T§3%99 $9.797 346 23,124 32373 45428 T S11.000] 32
33
535 26.213 $3472 137 280 12,525 18,725 $4.092] 34
400 1,400 $425 10 3,750 1,000 1,000 $407] 35
938 27.615 $3.397 147 3,030 13,525 19,725 $4.499] 36
37
38
775 3775 S1.388 28 10,688 4,123 3,125 $1.254] 39
§78 i $139 3 1,069 a3 413 $125] 40
2 _ 46T 1] 2 853 330 XTI 1131
188 385 592 2 713 275 378 FEY
i85 383 392 3 713 275 A 1) M5
47 847 $203 3 1,568 605 605~ $190] 44
0 0 $0 0 0 0 $0] 45
38 17,238 $4.137 [ 31,920 12.320 12320 $I863[ 46
0 0 S0 0 0 0 sof 47
49 2,849 $683 14 5273 2,035 2,035 $638] a8
24 8,624 $2.069 42 15.960 6.160 6.160 HEZH I
78 578 $139 3 1,069 413 413 HES )
5 193 $46 1 356 138 138 5
37 106,946 $15.028 558 17.715 51105 "76.3% $17.268] 52
0230 $3.742 88 33,000 8,800 8,800 $IS85[ 3
%0 157,185 $27.367 330 120.896 35.993 112.278 $29338| %3
55
— 56
30 35.280 $9.132 210 71,400 25.200 35,200 $8.763] 57
2 13,112 $3.653 B84 28,560 10.080 10,080 §3.505] 38
3 53 3 0 0 [] 0 5 I
g $78 S139 3 1.069 313 113 SIS &
3 53 i3 [ 0 0 0 sof 61
0 0 S0 0 0 0 0| &
3 285 $63 527 24 204 4| 63
T 431 $103 798 308 308 $97] &4
T 93 22 171 66 656 2i] 68
I 193 46 1 356 138 138 s3] 66
2 92 22 0 171 [ 66 20| 67
[ 146 535 ] 271 105 _- 105 33] 68
2 92 22 0 171 66 66 21] &
1 154 $37 1 285 110 10 34] 70
2 92 2 0 171 66 66 1Y D
B 90 545 Si2448 473 9,685 43,150 64.675 s34l 72
i 7280 $2.211 52 19,500 5,200 $,200 $2018] 13
¥ 149.479 $27.986 829 133.135 85210 " 106.69% $29314] 74
. 75
76
! 70 Si6 1 75 50 50 SIg] 77
T i3 57 0 ] 15 10 o] 78
. 106 326 3 228 76 76 53] i)
' 105 $52 3 13 150 75 $73|_%0
2,520 $692 20 2,700 3,600 1,800 719 81
. 13 53 1 19 13 13 si2] 82
105 $47 3 113 75 75 0] ©
12200 $2.878 158 3378 9.000 9.000 9w W
_ 4200 $955 53 1,123 3000 T 3000 s1.262] 8%
27 $9 0 14 33 19 S| 8
- 78 $25 ] 42 112 56 $32] &7
I $7 0 1 30 TS s3] u
4.200 $1.327 ] 4.500 __6000 3000 S1.518] %9




Winter Billing Months

intermediate Billing

] Totat Winter inter Summer Off-Peak inter. On-Peak Ofl-Peak inter.
! C D d Demsnd D d bry/ hrs/ by bry/ hry/
. No. Description Load (k kW/Month kW/Month kW/Month dav kWh/Mo dav kWh/Mo dav kWh/ Mo dav kWh/Mo dav kWh/
90 Jice Maker [N B U3 05 80 264 40 88 44U 38 du 204 40
e!Cans 30 4 14 14 05 4505 30005 0] 0% #05
92 JRefrig /Freezer 04 02 02 02} 8o 89 40 30 40 50 80 89 40
93 JChar Broiler 100 70 70 70] 20 600 4.0 800 20 400 20 600 40
94 [Griddie 12.0 84 84 84] 20 72040 960 20 80 30 IR 40
95 |F; 4 80 30 30 20 683 40 912 20 856110 684 40
96 JBun Warmer 02 01 01 01| 05 340 15 10 i os 540
97 JPlse Warmer 10 05 05 0S| 05 15 20 0 10 0 0% 1520
98 JHot Food Center 62 28 28 28] 05 93 20 248 10 133] 0% 93 20
wlaowen Lowerator 1.0 05 05 03] 05 1505 1005 1] G5 15 05
100 JToaster 2.6 12 2 12105 39 20 16410 3] K 39 20
101 JFood Warmer 08 03 04 04 05 1720 3270 D KR [FREX)
102 [Roll Warmer 08§ T Toa 04 03| 05 1220 3210 16] 05 12 20
103 JHot Serve Cabiner 17 08 08 08] 05, 26 2.0 68 10 340 6 20
104 Servers 1.6 07 07 07 05 24 20 64 10 2[ 0% T
105 |Sandwich Units 03 01 01 0i] 03 4 20 1010 H R i 20
106 JSoft Ice Cream 57 26 76 6] 05 86 20 228 10 114] 05 8 30 2
107 {Salad Bar 02 01 01 o1 05 320 3 10 0K )
| "108 Jiced Tea Dispenser 0.1 00 00 00] 05 3 20 3 10 I os > 20
109 Jiuice Duspenser 07 03 03 03] oS 10 20 26 10 3] 05 1020
110 }Soda Dns; 02 01 01 01| o5 320 ) i 05 320 X
111 JMilk Dispenser 0.2 0l 01 o1l o5 320 8§ 10 BENE 320 )
112 JCoffee Maker 150 15 10¢ 108] 20 %0 40 1,200 30 60| 20 %00 40 1.2
113 |Soft Ice Cream 57 26 26 26] 05 86 20 228 10 1 R 8 20 2
114 |Soft Tce Cream 57 26 26 26] 05 86 20 28 10 4] 08 8 20 o
115 [Toaster 26 2 12 1205 39 20 104 10 [ 0% 3930 I
116 jPiate Lowerator 10 05 03 05| 05 1S 20 40 10 0] O¢ 520 .
117 | Disposer 06 03 03 03] 05 8 20 2T 0¢ 6] 0¢ S 30
118 {Refn 16 07 07 07 80 384 40 128 40 128 80 384 40 I
lI9|Reﬁig 16 07 0 07] 80 384 a0 13840 128 80 385 40 [
120 [Vegewbie Cunter 03 01 01 0i] o5 4 05 305 5[ 0¢ i 0% —
121 |Blender 04 02 02 0] 05 605 305 K 5 05
122 {Mixer 04 02 0: 02| 65 605 305 3] o3 6 05
123 JRange Hood Exhaust Fan 7A 1.5 1 11 1| 20 90 40 12020 0] 20 %0 40 12
| 124 |Range Hood Exhaust Fan 7B 0.6 04 04 04 20 34 a0 35 20 = ) 3340 3
125 JUnit Heater 7 01 0.1 00 00| %0 33755 i3 5% 31 00 000 K
126 |Lighung 131 122 123 122 566 1117 1.675 566 111
127 [Sub-tetais 199.8 127.7 1275 127.7 7.853 11.840 3317 7.821 11.52°
128 JAHU-8
129 |G Fioor-
130 JAir Handler IN 37 28 38 28] 95 1055 5% 407 5% 407 9% 1055 55 40
31 |Smoke Supply Fan | 150 00 00 00] 00 000 000 o] 00 000 i
:32[Cabinet Unit Heater oA 01 01 00 00] 95 33§85 355 13]_00 0 o0 T
133 |Cabiner Unit Heater 3E 01 01 00 00]” o5 3455 13 55 13/ 060 000 ‘
134 JCabinet Unit Heater 3W 01 01 00 00 95 34 55 13 % [ 0 00 T
138 [Second Floor: T
136 JAir Handler 8 187 130 140 150[ 9% 5330 S5 T 30%7 s 2057 9% 5330 855 T 708t
137 | Third Fioor: -~
138 [Retumn Air Fan IN 22 17 17 17{ 95 627 55 242 §% 28] 9% 637 5% 212
139 jReeurn Air Fan 8 112 84 84 84f 953 31937 8 1237 5% 132 9% 319783 1,232
140 JExhaust Fan 16 0.6 04 04 04] 9% “T160_ 53 62 55 62| 9% 160 5% o2
141 |Lighu 50.5 463 363 463 1,048 4.268 6.308 1048 77 4208
142 Miscellaneous Equip 330 132 132 N 4950 20 1336 30 1326~ §G 4950 70 1320
143 [Swb-tetals 1352 87.0 36,8 6.8 16.463 9.627 11.667 16.361 9.483
144 JAHU-9
145 | Third Floor: B}
146 |Air Handler 0 37 28 28 28] 95 1055 55 407 §s 2 R 1,055 55 407
147 [Smoke Supply Fan & 03 0.0 00 00 00 0 00 0 00 [ D 000 0
148 Air Fan 9 08 06 06 06] 95" 21355 8 53 8] 9+ 219 5% 83
149 |Air-cooled Chiller 210 105 103 176] 80 5040 40 1680 40 1680 80 5040 50 200
150 |Chilled Water Pump 7 04 03 03 03] 80 89 40 3040 0] 80 8 40° T30
151 [Lighn
152 [Miscellaneous Equip 3.0 12 12 3] 50 450 20 12020 126] 56 450 20 120
153 [Sub-tetals 29.1 153 153 22.% 6.847 2315 2319 6.847 3,730
134 IMISC.
155 JAir Handler 7 56 [ 12 [ KR 1596 35 616 5§
156 JReturn Air Fan 7 11 08 08 08] o5 31a__ 55 12155
157 [Transfer Fan 1F-7D 04 0.3 05 03] 9% 14 5% 34 5§
158 | Transfer Fan TF-7E 04 03 (B 03¢5 114 55 43 5=
159 JAir Handler 2 300 225 2% 235 g 765 45 2700 45
160 |Retumn Air Fan 2 150 113 113 113] 85 1825 45 1350 45
161 JAir Handler 3 15.0 <113 113 [E] I 3825. 45 135 45
162 |Return Air Fan 3 75 56 56 s6] 8% 1913 45 67545
163 JAir Handler 4 112 84 34 8§34 95 3192 55 123255
164 [Return Air Fan 4 56 42 32 2] 95 1596 §5 616 55
165 [Kitchen Make-up Air Unit | 37 28 78 28] 20 2230 296 40
166 [Chiller CH-1 299.0 00 00 00| 00 000 0 00
167 JChilier CH-2 151.0 476 1019 1910f 37 21,294 16 6007 24
| 168 |Boiler B-1 22 17 00 00| 95 637 55 PR
169 {Boiler B-2 . 15 11 11 03] 95 428 §5 165 55
170 JHot Water Pump P- | 75 56 56 00| 95 213855 825 55
171 Hot Water Pump P-2 75 56 56 56| 9% 2138 . 55 835 5%
| 172][Chilied Water Pump P.3 112 84 84 (X EE 3192 5% 1232 738
{Chilled Water Pump P-4 224 00 00 00| 00 000 0 00
;Cooling Tower Pump P-3 15.0 113 113 3] 95 4275 85 1656 §¢
"1 13 fCooling Tower Pump P6 224 00 00 00] 00 000 000
176 |Cooling Tower, Fans 415 00 00 00| 00 000 0 00
177 |Cooling Tower, Fans ETE 00 310 311 00 600 0 00
178 |Unit Heater 1A o TTTTon” 00 00] 9% N N
179 [Unit Heater 1B oif T e o0 T 00] 95 33 Tw R




Electric Model

Building 62
Table 5.3.1
Intermediate Bilhu! Months Summer Billing Months
ak inter. On-Peak Off-Peak later. On-Peak Nos-Summer Summer
hry | hr hry/ bry/ hrs/ Demand Off-Peak Inter On-Peak Cost Demand Off-Peak Inter
vh/Mo day kWh/Mo  dav - kWhMo day kWh/Mo dav kWh/Mo dav kWh/Mo kW/Y'r, KWH/Yr. KWH/Yr. KWH/Yr. S kWA, KWHAYT, KWH/Yr
— 64 40 88 40 881 sv Y ¥ 40 38 H 1.83% 6lo 616 SI52 N 1,320 3
| 4505 30, 05 30] 03 4505 3005 30 9 315 210 210 $95 7 225 5
89 40 301 40 30] 30 89 40 30 4.0, 30 K 622 207 207 $51 1 [ I
600 40 8001 20 400 20 600 40 800 20 400 49 4,200 5,600 2.800 5885 35 3.000 4.0
720 4.0, %60 2.0 480 20 720 30 960 20 480 59 5,040 6,720 3.360 51.062 2 3600 4w
684 40 912, 20" 456§ 20 684 40 912 20 456 56 4,788 6,384 3.192 $1.009 30 3420 35
340 1ST 10, O 3 40 13 10 3 1 20 106 26 $11 g 14 -
15 20 407 1.0 20 05 [T 40 1.0 20 3 105 280 140" $45 2 78 ki
9 20° 2487 10° 124] 0% 93 20 243 10" 124 20 651 1,736 868 $279 14 365 1.2
15 05 107 05! 10] 05 1505 1005 10 3 108 70 70 $32 2 78 ¢
39 20 104, 1.0 2| 05 39 20 104 1.0 52 3 27 728 364 $117 6 195 L
1220 32, 1.0] 16 05 12 20 32 [Ki} 16 3 34 224 112 $36 2 &0 1t
1220 32, 1.0 16] 05 12720 32 10 16 3 84 234 112 336 2 60 It
26 20 681 1.0; 34 05 26 20 63 1.0 34 s 179 476 238 576 4 128 34
24 20 641 101 32] 05 2420 64 1.0 32 s 168 448 224 $72 4 120 32
420, 0] 1.0) HEE 4 20 10 1.0 s 1 26 70 35 STl 1 19 s
86 20 2281 1.0, 11405 8 20 233 10 114 13 599 1,596 798 3256 13 48 114
320 81 10 4] 05 320 3 1.0 ] 1 20 53 27 59 0 14 3
220 4 1.0 2] 05 2 30 4 1.0 2 0 2 31 15 5 0 8 N
1020 26, 1.0, 13f 05 10 20 3% 1.0 13 2 68 182 91 S35 i Il 13
3 20 8 10, i o3 330 8 10 3 1 20 $3 27 1 14 3
520 3 1.0 4] o5 3 20 8 1.0 4 1 20 53 27 $9 0 14 3
900 40 12007 20. 600] 20 900 40 1200 20 600 74 6,300 8,400 4,200 $1327 53
8 20- 2281 10, 14| 05 86 20 228 1.0 N4 18 599 1,59 798 $256 13
8 20 228 1.0 14f 03 8 20 238 10 K] 13 §99 1,596 798 s2s6f 13
39 20 104 10; 2] _os 3920 104 10 52 ] 273 728 364 ST TS
1S 20 40 1.0 200 05 1520 40 10 20 3 105 280 130 sas[ 3
8§ 30 2205 sl 05 8 20 22 05 3 3 56 157 39 523 |
381 a0 128 40 128 80 38440 128 30 128 5 2,688 896 896 §221 4
388 40 128 4.0, 128 80 383 40 128 40 128 s 2,688 896 896 $22] 3
405 3. 05/ 3] 63 4 0% 305 3 ] 26 18 13 $8 1
6 05 47 05, 4l o5 6 05 405 3 i 39 26 26 512 1
6 0.5 4! .5 ! 4 0.5 6 0s 4 05 4 1 39 26 26 $12 I
9% 40 1200 20. 0] 20 %30 12 20 60 8 630 840 420 "~ 8136 6
39 40 45 20 2] 20 340 T 20 22 3 338 34T T $51 H
0 00 0. 00, o] 60 0 00 0 00 0 0 130 53 53 512 0
566 1.117° ! 1,675 566 1117 1,675 85 3.962 7819 11,725 $1.691 61
811 11.537 3,303 7.821 11,527 8303 394 $4.376 30.738 £8.177 $14.728 633
: | — I T
L 407 85 407f 95 1.055 35 407 55 407 19 7,382 2.849 2849 3683 ) 5275 2.03%
[ 000! o] 60 0 00 0 00 0 0 0 0 0 $0 0 o 0
0~ 00 000 o] o0 000 0 00 0 0 137 53 $3 $i3 0 .0 T
000 01 0 [J X 000 0 00 0 0 137 53 $3 HE 0 0 0
000 [N 0 o] o0 000 000 0 0 137 §3 53 $13 0 0 0
j ! i 0 0 0 $0
3085 2057, 55. 2057 95 §330  §% 2057 55 2,057 98 37307 14359 14,399 $3.354 70
i T 0 0 0 50
2755 242 83" 242 95 627 5% 242 5% 242 12 4,389 1,694 1,694 $406 8 ST
92 55 1232 §3§° 1.232] 95 3192 55 1.232 53 1.232 59 23343 8,624 8.624 $2.069 [N 15900 6160
0 5§ 62 5§ 62] 95 160 5% 62 55 62 3 1,177 431 431 $103 2 798 308
48 4.268 ; 6,308 1,048 4.000 6.308 324 7,336 29.876 44,156 $6.125 233 S230 T 719998
S0 20 13200 20" 1320] 50 4950 20 1320 20 1,320 92 34.650 9,240 9,240 $2.807 ) NN 6,600
5t 9,588 ! 11,628 16361 9.319] 11,628 608 114,935 67,272 31.552 S15685 T T 45y 31.803 36.59
. I
) i
585 407 5] Q7] 95 1055 55 407 55 407 19 7.382 2,849 2.849 $683 14 5273 2,035
0 0.0 0] .0] 0 0.0 0 00 0 0.0 0 0 0 0 0 $0 0 0 0.
i 8% 83 §5] 8] 95 214 55 83 55 (5] 4 1,496 578 578 $139 3 1,069 413
0 50 21000 50! 2100] 90 5670 60 2520 60 2,520 74 35.280 13,020 13,020 $3.079 88 28350 12,600
9 40, 30, 40, 30] 80 8 40 30 40 30 2 622 207 207 $55 i 4 148
I i 0 0 0 $0 0 0
> 320 1200 290" 120] 50 450 20 120 20 120 3 3.150 840 840 $255 3 2250 600
7 2,739 T 2,739 7,477 3.159 3,159 107 47.979 17,494 17.494 $4.212 112 37.38% 15,796
y_ 88 616, 55 616] 95 15% 53 616 55 616 79 11,172 4312 4312 $1.034 20 7.980 3.080
i 5% 121. S5, 121 95 31455 121 55 121 3 2,195 847 827 $203 4 1,568 805
53 4. 5§ “] 9% 114 53 4 5§ 44 2 798 308 308 $74 N 570 220
8% 44§ 4 95 114 55 44 5§ 44 2 798 308 308 $74 2 S70 230
T as 27001 45 2700 85 7650 45 - 3700 4% 2,700 158 53.550 18,900 18900 $4.892 113 38.250 13.500
45 1,350° 4.5 1350 85 3825 45 1350 4.5 1,350 79 26.775 9,450 9.450 $2.446 56 19.12% 6.750
45 1350 45 1350 85 3825 43 1350 as 1,350 79 26,775 9,450 9,450 $2.446 56 19,123 6,750
45 675 45] 675 85 1913 45 675 45 675 39 13,388 4,725 4,728 $1.223 23 9,563 3373
53 1,232 835 12321 9% 3192 5% 12327 5§ 1.232 59 22344 8,623 8623 $2.069 32 15.960 6,160
§s 66§51 66l 95 1.59% 35 616 55 616 29 11,172 4312 4312 $1.033 21 7.980 3,080
40 2% 20, 148120 222 40 2% 20 148 19 1,554 2072 1.638 $367 14 1110 1.480
0.0 0. 00! 0f oo 0 00 000 0 0 0 0 0 $0 0 0 0
25 9406 35! 13.236] 95 54355 64 24,635 71 27,081 476 149,057 52223 76,563 S15.118 95% 272394 123,193
60 0. 00! o] o0 0 00 0 00 0 7 2,508 968 963
55 16555, 165 6.0 270 40 120 55 165 [ 2,993 1,155 1,155
0.0 0 00! o] 00 0 " 00 0 00 0 39 8.550 3300 3,300
55 825 55 8251 93 2138 5§ g3 s 825 39 14,963 5.775 5,775
55 1,332 55, 12327 93 3092 5% 1332755 1,232 59 22333 8,624 8.624
00 000! 0] 00 0 00 0 00 0 [ 0 0 0
5% 1,650 5.5 1.650] 93 4275 55 1,650 55 1,650 9 29925 11,550 11,550
00 0 0.0 o] o0 0 00 0 00 0 0 0 0 9
14 1162 20 16771 30 10010 60 4580 70 S.810 0 6.265 3486 5.030
00 0 00 o] 00 0 00 0 93 0 0
00 0 00 0 0 0 137 53
60 000, 0 0 137 3




} imemer Summer
ter Ow-Peak Cost Demand Off-Pesk Inter On-Peak Cost

i7Yr. KWH/Yr. S kW/Yr, KWHNT..  KWH/Yr. KWH/Y'r. s No.
616 6l6 5152 2 132 440 440 S$135) %0
210 210 $95 7 225 150 150 $139] 9
207 207 $51 1 44 148 148 45| 07
5,600 2.800 $885 35 3.000 4,000 2,000 s1012f 93
6,720 3360 51,062 2 3.600 4.800 2,400 S1.215] 94
6,384 3,192 $1.009 40 3420 4,560 2.280 Si154] 95
106 26 Sil 0 14 76 19 sIZ] 9%
280 140 $45 2 75 200 100 $57] 97
1,736 863 $275 14 365 1,230 620 $3511 98
70 70 $32 2 75 50 50 $46] 99
728 364" $117 6 195 520 260 $147] 100
224 112, $36 2 60 160 80 $45) 101
224 112 $36 2 60 160 80 s4st 102
476 238 $76 4 128 340 170 $96| 103
448 224 $72 a 120 330 160 $S1| 104
70 35 11 i 19 50 38 $i4] 105
1,596 798 $256 13 128 1,140 570 $33] 106
53 27 $9 0 13 38 9 sii| 107
31 15 $5 0 3 27 1] s6| 108
182 91 $29 | 39 130 65 $37] 109
$3 27 $9 0 14 38 19 SIT] 110
3] 27 39 0 [l 38 19 STi{ 1t
1,400 4.200 $1.327 53 4500 6000 3.000 s1518] 112
59 798 $256 13 433 1,140 570 33| 1
59 798 $256 13 TTa 1,140 570 $323] 114
728 363 5117 [y 195 520 260 ST s
280 130 $45 T T 200 100 $571 106
157 39 23 ] E 112 28 s30] 117
8% 8% 5231 3 1.920 640 640 Si97] 118
896 856 $221 4 192 640 630 S197] 119
18 18 8 1 19 13 13 $12] 120
26 26 312 i 8 19 19 Si7] 121
26 26 Si2 ] 23 19 19 17| 122
840 420 $136 [ 350 600 300 SIsgf 123
34 157 51 B 168 224 112 $59) 124
3 53 si2 0 0 0 0 S0 125
819 11,725 $1,691 61 2.830 $,585 8375 $1.920) 126
738 5177 $14.728 633 39.104 $7.633 41,517 S17.520] 127
128
— - 139
49 2839 3683 14 5213 2.035 2,035 $638| 130
0 0 50 0 0 0 0 $0{ 131
53 3 13 [ 0 0 0 s0] 132
3 53 $13 0 0 0 0 $0f 133
53 53 HE) 0 0 0 0 $O| 134
0 0 $0 0 0 0 SO| 138
%" 1439 $3.454 70 26.648 10.283 10,285 $3.226] 136
0 ) $0 0 0 0 sof 137
%4 1.693 $406 3 5.13% 1.210 1,210 $379] 138
4 8624 52,069 42 15.960 6.160 6.160 $1.932] 139
il 431 3103 2 798 308 308 $97] 140
6 &% $6.125 232 .20 19,958 31,540 $7.030 [ 141
0 9.240 $2.807 66 24750 6.600 6,600 $2.685) 147
2 31557 $15.685 34 31,803 46.596 33,138 $18.99%0 [ 143
144
) 145
9 2849 $633 14 5.273 2,038 2.035 $638] 146
0 0. 50 [ 0 0 0 $0) 147
8 $78. $139 3 1,069 413 413 $129] 148
] 13.020 $3.079 83 28,350 12,600 12,600 $3.845] 139
7 207 $55 1 344 148 148 $57] 150
0 0 $0 0 0 0 $0| 151
] 330 $255 6 2,250 600 600 sz4] 152
] 17.494 $4.312 TH 37.38% 18.796 15.796 $4.913] 153
154
N 4312 $1.034 21 7.980 3,080 3,080 $966] 155
? 47 $203 4 1,568 605 605 $190] 156
g 308 374 2 570 220 220 $69) 157
$ 308 $74 2 570 220 220 $69| 158
i 18.900 $4.392 113 38,250 13,500 13,500 $4.695| 159
| 9,450 $2.446 56 19.138 6,750 6.750 $2.337| 160
' 9.450 52,446 56 19.125 6,750 6,750 $2337] 161
4733 $1.223 28 9,563 3375 3375 SIi73] 162
8623 52,069 42 15,960 6,160 6,160 $1.932] 163
4312 $1.034 21 7.980 3.080 3,080 $966 | 164
1.628 $367 14 1.110 1,480 740 $390] 165
0 $0 0 0 0 0 SO| 166
76,563 SI5.118 953 272294 123,153 135,406 $39.7641 167
968 $232 0 0 0 0 S0) 163
1,155 $277 4 1.350 600 825 SI189] 169
3300 $903 0 0 0 0 So| 170
5,778 $1.385 28 10.688 4128 4125 S1294[ 171
3,623 $2.069 a2 15.960 6.160 6.160 519321172
0 $0 0 0 0 0 so| 153
11,350 $2.770 56 21378 8,250 8.250 $2.587) 174
0 $0 0 0 0 0 sof 17s
N 5030 $659 0 50.049 24.900 26.050 $4673| 176
0 $616 156 0 0 0 $2.660] 177

3 513 0 0 0 0 $0

53 i3 0 o 0 0 $0

178
176




Winter Billing Moaths

Antermediate Billing *

[ - Tewl Winter Inter Summer OfF-Peak inter, On-Pesk Off-Peak inter,
’ C D d Dy d De d hry bry/ hry/ bry/
N Ne. Description Load (k kW/Month kW/Month kW/Month dav kWh/Mo davy kWh/Mo day kWh/Mo dav kWh/Mo day kWh/M.
180 JUnit Heater A 0.1 0.1 00 0.0 95 34 8.5 I3 EE 13 0o 1) 00
181 [Unit Heater 2B 01 01 00 0G| 95 3455 137 55 3] 00 0 00
182 JUnit Heater 3A 0.1 01 0.0 0.0 9.5 34 5.5 13 55 i3 0.0 0 0.0
183 Fan 10. Mech Rm. 1.1 0.0 0.0 0.0 00 0 00" 0 00 - 0 00 0 0.0
184 Fan 11, Gen. Rm 0.1 00 0.0, 0.0 00 0 00" [ 00 0 00 0 0.0
185 t Fan 12A. Trans, Rm| 1.5 0.0 00 0.0 00 0 0.0 [ 0.0 0 0.0 0 00
186 |Exhaust Fan 13, Elec. Rm. 03 00 0.0 00] 00 0. 00 0 00 o] oo 000
187 {Exhaust Fan 15 0.4 0.3 03 03 95 105 5.5 41 5.5, 41 95 105 5.5 -
188 Fan 17, Elev. Mach 0.1 0.0 0.0 00 0.0 0 0.0 0 0.0 0 0.0 [ 00
189 Fan t4 04 03" 0.3 0.3 95 105 55 41 $5 41 95 105 535
190 [Boiler Feed Water Pump 06 01 01 01 20 34 20 22 20 2] 20 3420 .
191 JATC Air Compressor 5.6 08. i4 |4 30 504 2.0 224 20 224 3.0 504 2.0 2
192 JElevator #1 24 22 34 34 0.0 0 0.8 224 05 224 0.0 0 0.5 20
193 #2 24 2.2 34 34 00 0. 05 224 05 224 0.0 0 0.5 22
194 [Eievator #3 29.8 3.0 45 45 0.0 0 0.5 298 oS 298 0.0 0 05 2y
195 §Eievator 84 224 2.2 l4. 34 00 0 05 224 05 224 00 0 05 i
196 {Elevator 5 298 30 45 45 00 0 05 298 0.5 298 00 [ 05 29
197 Elevator 37 0.0 00 0.0 00 4 00 0 00 0 0.0 0 00
198 IDHW Recire Pump 0.6 0.3 03 0.3 60 101 40 45 40 45 6.0 101 490 4
199 JUnit Heater 3B 0.1 0.1 0.0 0.0 9.5 34 55 13 55 13 0.0 0 00
200 ey Pump, Fire 2.2 0.0 00 0.0 0.0 0 0.0 0 Q0 0 0.0 0 0.0
20! [Kitchen Remote Cooler 0.4 0.1 0l 0.1 60 68 30 23 30 23 6.0 68 3.0 2
202 ¥Kitchen Remote Cooler 0.4 0.1 01 0.1 60 68 3.0/ pi] 30 23 6.0 68 30 2
203 JTransfer Fan 1A 0.3 0.2 0.2 0.2 9.5 94 55 36 55 36 95 94 55 3
204 Coolilmwer Heater 7.0 28 00 0.0 73 1,533 3.0 420 30 420 00 0 00 .
205 ¥Cooling Tower Heater 7.0 28 00 00 73 1,533 30 420 3.0 420 00 0 00 .
206 Fan 23 03 02 R 02] 9% 80 55 3155 31 95 80 55 3
207 JAir Curtain | 0.3 00 0.0 00] oo 000 0 00 o[ oo 0 00 '
208 JAir Curmain | 03 0.0 00 00] oo 0 00 0 00 of 00 000 .
209 }Condensate Pump | 03 01 01 0.1 20 15 20 10 20 10 2.0 15 20 It
210 Fan 128 3.7 28 238 28 95 1,055 55 407 55 407 95 1,085 55 407
211 {Transfer Fan |B 03 02 02 0.2 9 71 55 28 5.5 28 95 71 5.5 2
212 Fan 4A 0.1 0.1 0] 0.1 95 34§53 13 55 3] 95 34 55 s
213 [Transfer Fan 6A 1.1 08 08 0.8 95 314 55 121 $s 121 95 314 55 121
214[Ceiling Fan | 0.1 0.0 00 0.1 0.0 000 0 00 0] 00 000 ¢
215 [Ceiling Fan | 0] 00 00 01 00 0 00 G 00 o] oo 0 00 4
216 CEI'ELF‘" ! 0.} 00 00 01 00 0 0.0 0 0.0 0 00 0 0.0 0
217 [Ceiling Fan | 0.1 0.0 00 0.1 00 0 00 0 00 o] oo 000 0
218 [Ceiling Fan | 0] 00 00 01 00 0 00 000 o] oo 0 00 0
219 JATC Air Drver 0.2 0.0 00 0.0 05 3 0.5 2 0.5 2 0.5 3 0.5 N
220 Pump 03 0.0 00 00 00 0 00 0 00 of 00 0 00 0
221 Pum 03 00 00 00 05 4 05 3 05 3 0.5 4 0s 3
222 Ejector 08 00 00 (1] CE 1. 05 § 05 8| 05 [ 0% 8
223 lor Air Compressor 2.2 0.0 00 00] oo 0 00 0 00" of 00 9 00 0
224 jor Lighting 16.7 0.0 00 00 4,639 1.450 0 4639 1.4%0
228 JLightin, 245 21.0 210 21.0 1,384 2.214 3,084 1,384 2.214
226 [Sub-totals 569.5 194.2 2838 367.4 70411 26,912 29.514 66,464 29.491
. b} S 1584 936 1024 [NEH 167240 102.140 119.465 161918 104.95¢
Historical Billing Demand Averages
[ Dec 981 Apr 977 “jun 1,606 152.300"" Dec 103260  Dec 126330 138900~ Apr 103.000
i Jan 914 May 996  Jul 1.154 200420  Jan 98,550  Jan 113,000 101,000 May 104,930
i Feb 889 Nov 1.099 Aug 1.141 158,100 Feb 102,780  Feb 112.230 188.195  Nov 106,905
' Mar 958 " . Sep 1,066 158,140  Mar 103970 Mar 126300
. . _Oct 1.207
1Avg 936 17024 1115 167,240 102,140 119,463 162918 104,%0¢
Winter Months, December, January, February, March
Intermediate Months: April, May, November
Summer Months: June, July, August, September, October
Winter Summer
Incremental Demand Cost, $/kW $6.60 $17.09
Off-Peak Incremental Usage Cost, $AWh - 50.037 $0.034
Intermediate Incremental Usage Cost, $kWh ~ $0.046 $0.047
On-Peak Incremental Usage Cost, $kWh $0.053 $0.062
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Electric Model

Building 62
Table 5.3.1
intermediate Billing Months Sumg Months
Tater. On-Peak Off-Pesk Inter. Oa-Peak Non-Summer Summer
bry/ ' bry/ hry/ hry/ hry/ Demand Off-Peak Inter On-Peak Cost Deenand Off-Pesk Inter
Mo day kWh/Mo day - kWh/Mo dav kWh/Mo dav kWh/Mo dav kWh/AMo kW/Yr. KWH/Yr. KWH/Yr. KWH/Yr. s kW/Yr, KWH/Yr.’ KWH/NY'r.
U 00 0 00 0 00 0 0.0 [T 0 v 137 53 53 313 v v v
4 0.0 0 0.0 0 0.0 0 0.0 0 00 0 0 137 53 53 $13 0 0 0
0 00 0 00 o[ 00 0 00 0 00 0 0 137 53 53 $i3 0 0 0
0 0.0 0 0.0 0 0.0 0 00 0 00 0 0 0 0- 0 30 0 9 ¢
0 00 0:  00. o] 00 0 00 000 0 0 0 0 0 S0 0 oo
0 00 0 00. o] oo 0 0.0 0 00 0 0 0 0 0 S0 0 0 0
000 0 00 of oo 0 00 0 00 0 0 0 0 0 $0 0 0 0
105 5.5 4] 55 41 95 105 5.5 41 55 4] 2 738 285 285 $68 I 527 204
0 0.0 [X 0.0! 0 0.0 0: 0.0 0 00 0 0 [ 0 0 s1 0
108 55 41 55 41 95 105 5S 41 55 4] 2 738 285 285 $68 !
34 2.0 22 2.0 22 20 34 2.0 22 20 22 ! 235 157 157 $31 |
504 2.0 224 20. 224 3.0 504 20 224 20 224 8 3,528 1,568 1,568 $336 7
0 0.5 224" 0.5 224 00 0 0.5 224 05 224 19 0 1,568 1,568 $281 17
005 224 05 224 06 0. 05 224 0% 224 19 0 1,568 1,568 $281 17
0 0.5 298 0.5 298 00 0 0S 298 05 298 28 0 2,086 2,086 $374 -
0 0.5 224 0.5 224 00 0 05 224 05 224 19 0 1,568 1,568 3281 17
0 05 298 0.5 298 00 0. 05 298 05 298 28 0 2,086 2,086 $374 22
0 g0 0 00 o] o0 0 00 0 00 0 0 0 0 0 $0 0
101 40 435 40 43 60 101 40 45 40 33 2 706 314 314 $70 b
0 00 [ 0.0 o] 00 0 0.0 0 00 0 0 137 53 53 513 0
0 00 0 00 (] KY) 0 0.0 0 00 0 0 0 0 0 50 0
68 30 23 3.0 23 60 68 30 23 30 pi] 1 479 160 160 $40 |
68 3.0 23 3.0 23 60 68 30 23 30 23 ! 479 160 160 $40 i
9455 36 s 36] 95 9 55 36 5% 36 2 658 253 353 sei] T
0 00 0 00 o] o0 0 00 0 00 0 1 6,132 1,680 1,680 $467 0
0 00 0 0.0 o[ 00 0 00 0 00 0 1 6,132 1,680 1,680 3467 0
80 s.s 31 5 31 93 80 5S 31 5§ 31 ] 559 216 216 $s3 o
000 000 o] oo 0 00 0 00 0 0 0 0 0 $0 i 0
000 0 00 o] oo 0 00 0 00 0 0 0 0 0 50 0
15 2.0 10 20 10 20 15 20 10 20 10 0 103 70 70 $ia 0
38 5.5 407 5.5 407 95 1,055 55 407 53 407 19 7,382 2,849 2.849 3683 14
] 55 28 [ 28 95 71 55 28 §s 28 0 499 193 193 $46 1
4 55 13 $5 13 9.5 34 5.5 13 55 13 ] 239 92 92 $22 0.
] 55 121 5s 121 95 314 5.5 121 N 3 2,195 847 847 $203f T4
000 0 00 o] oo 0 00 000 ] 0 0 0 0 S0 0
0 00 0 0.0 0f 00 0 0.0 0 00 0 0 0 0 0 S0 0
0 00 0 00 o] 00 0 00 000 "0 0 0 0 0 $0 0
000 0 00 o] 6o 0 00 0 00 0 0 0 0 0 30 0
000 0 00 of o0 0 00 0 00 [ 0 [ 0 [} $0 o T T 0
i 0s 2 05 3 X 306 I N 0 20 13 13 32 [ Mo
3 o0 0. 00 0] oo 0 00 0 00 ) 0 0 0 0 $0 0 o 0
i__oS 308 303 408 305 3 0 29 20 70 53 R T
| 05 805 3 0.3 11 05 8 03 [] 0 L) §3 §3 $8 0 s 38
)00 0 00 0] 00 0 00 0 00 0 0 o 0 0 $0 0 oo
) 1,450 i 0 4,639 1,450 0 ~ 0 32,3470 10,147 0 1,668 0 A 7248
] 2214 3,054 1,384 2214 3,053 147 9.688 13,498 21378 $3,175 10§ 6920 11070
4 29.491 33.078 107.392 48,497 §1.0%7 1,623 481,034 196,121 217.293 $49.082 1.83° £36.962 242,487
§ 104,99 1 4 204.477 124,152 141.703 6,814 1,187.71% 723.545 847,771 $166.024 £.6%4 1,022,386 620,762
Apr 103.060  Apr 121,300 185140 ~ Jun 112650  jun 127720
May 104.930 - May 123.270 231790, Jul 140,360 Jul 150.850
Now 106,995 Nov 125341 206.810  Aug 128,530 Aug 151,720
: 184500  Sep 111,940 Sep 128,11
214145 Oet 127.283 _ Oct P44.014
184,933 133364 204 477 124153 141703




ummer Summer
er On-Peak Cost Demand Off-Peak Inter On-Peak Cost
H/Y'r. KWH/Yr. S kWY, KWHYr. KWHAN', KWH/Yr. S No.
33 %3 303 0 0 0 0 $0] 180]
53 53 $13 0 [} 0 0 S0| 181
53 53" S13 0 0 0. 0 $61 182
0 [} S0 0 0 0! 0 sof 183
[ 0 $0 0 0 0 ) $2| 184
0 0 $0 0 0 0 0 $0| 185
0 [ 30 0 0 0 0 $O| 186
285 . 285 368 i 537 204 | 204 s6a| 187
[ 0 Bl 0 0 0 0 s2] 188
285 . 285 $68 1 527 204 204 $s4| 189
57 157 $31 ] 168 112’ 112 $30] 190
1,568 1,568 $336 7 3520 11201 1.120 $327| 191
1,568 1,568 $281 17 0 1.120 1.120 $409] 192
1,568 1,568 $281 17 0 1.120° 1,120 $409] 193
2,086 2,086 $374 22 0 1,490 1.490 $544f 194
1,568 1,568 $281 17 0 1.120 1120 S35 195
2,086 2,086 $374 22 0 1,490 1,490 $544| 196
0: 0 $0 0 0 0" 0 $6§ 197
314 314 $70 | S04 224 224 $65| 198
53 3 si3 0 0 0 0 $0| 199
[) 0. $0 [} 0 0 0 $O| 200
160 &0 $40 i 342 114 114 $35| 201
160 60 $40 [ 342 114 114 $351 202
254 254 61 1 370 182 182 357 203
1,680 1,680 $467 0o o [ 0 s0] 204
1,680 1,680 $467 0 ) 0 0 $0| 205
216 216 $83 i 399 154 154 548 206
0 0 $0 0 0 0 0 $0| 207
0 0 50 0 ) 0 0 50| 208
70 70 Si4 0 78 50 50 S1I3{ 209
2345 2,849 $683 13 373 2,035 2,033 $638] 210
193 193 46 T 356 138 138 s | 211
92 92" 22 0 171 66 66 s21| 212
847 847 $203 4T T8 605 605 $i90]| 213
[} 0 $0 0 0 0 0 s8] 214
0 0 $0 0 ) 0 0 s8] 215
0 0 $0 0 0 0. 0 38| 216
0 0 $0 0 0 0 0 s8[ 217
0 0 S0 0 0 0 0 s8| 218
13 13- $2 [T 10 10 So| 219
[ 0 30 0 [ 0 0 $0| 220
20 20 $3 0 B 14 14 2| 220
53 43 8 0 56 38 38 $6] 222
0. 0 $0 ) 0 0 $0] 223
147 0. $1,668 0 FERTH 7.248 0 $Ta29] 224
458 21,378 $3.175 105 6.920 11,070 15270 $3.497] 225
a3 217,293 $49.082 1.837 $36.961 242487 355387 $76.873] 226
L T AR $166,024 3803 1,022,386 620.562 708514 $203.125] 23

09-Mar.95S




Table 5.3.2, Electric Model Summary

Area kW kWh Cost §
Lighting 5242 | 1437424 $129,500
Cooling 2,103 1,221,918 $80,800
Heating 148 90,020 $5,200
Air Handlers 2,396 1,475,202 $89,000
Kitchen 1,370 289,801 $28,400
Exhaust 107 63,898 $3,900
Miscellaneous 1,022 502,430 $32,400

Totals | 12,388 5,080,693 $369,200

Figure 5.3.3 graphically represents the distribution of electricity costs by system
or area. This graph shows lighting currently accounts for 35% of the total

electric cost while cooling constitutes 22% and air handlers 24%.

Figure 5.3.3, Electric Model Results

Annual Cost Distribution

Lighting 35.1% $129.500

Cooling 21.9% $80,800f

_ . gy Misc. 8.8% $32,400
Heating 1.4% $5.20C B Y Exhaust 1.1% $3,900
Kitchen 7.7% $28.400
Air Handlers 24.1% $89.000

Entech Engineering, Inc.
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5.4

The high cost for cooling and air handling systems is due to winter operation of

the chillers and operation of the air handler during unoccupied periods.

The electric model is balanced to 1993-94 electric billing history as presented
in Section 4.2. This means electric usage and demand estimates for individual
pieces of equipment inevitably total to billed quantities. The balancing is
performed to insure overestimating of electric usage is not realized. Entech
understands estimates for individual pieces of equipment cannot be 100%
accurate. This is primarily due because Entech observes building operations
for only a few days out of a year. Electric use of major pieces of equipment

will be checked against EZDOE results later in this Section.

Space Heating (Heat Loss Model)

The heat loss model as described in Section 2.5.5 of this report, is shown on the
following page in Table 5.4.1. The total annual Btu usage for space heating at
Marshall Hall has been calculated to be 7,203 mmBtu per year, or 6,993 mcf of
natural gas. Overall, as calculated by the heat loss model, space heating
accounts for 55% (6,993 mcf + 12,679 mcf) of the building natural gas
consumption. Table 5.4.2 on the following page summarizes the heat loss

model results.

Entech Engineering, Inc.
5-17
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Table 5.4.2, Heat Loss Model Results

Area Loss, Btuh | Gas, mcf Cost 8
Windows 459,567 738 $5,774
Doors 19,729 32 $248
Walls 137,134 220 $1,723
Roof 418,009 671 $5,252
Infiltration 280,907 451 $3,529
Ventilation 3,042,627 4,882 $38,227
Below Grade 0 0 $0

Totals | 4,357,973 6,994 $54,753

The above table indicates the design day heat loss is approximately 4,400 mBh.
The existing boilers are rated at a combined capacity of approximately 5,000

mBh. Figure 5.4.3 below graphically displays the heat loss model results.

Figure 5.4.3 Heat Loss Model Results

Annual Cost Distribution

Infiltration 6.4% $3,529
Roof 9.6% $5,252
Doors 0.5% $248

Window 10.5% $5,774

Walls 3.1% $1,723

Ventilation 69.8% $38,227

Entech Engineering, Inc.
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Typical of many buildings, Figure 5.4.3 indicates that ventilation loads
constitute most of the building heating load. The estimates will be compared to

EZDOE results later in this Section.

5.5 Domestic Water Heating
The major user of domestic hot water at Marshall Hall is food preparation.
Currently Marshall Hall serves an average of 300 meals per day during the
course of a year. Based upon ASHRAE hot water requirements of 2.4

gallons/meal, the annual energy consumption for kitchen domestic hot water is

as follows:
300’”;"“ x 260225 « 2.45-‘3”—"%{ x 8325 x (140°F-50°F)
Kitchen dhw = 2y rear med b = 174.8mmBtulyr
1,000,000—3%_ « 3
mm Rt

In addition, there is usage of domestic hot water for showers at an exercise
room and general use in bathrooms and cleaning. Calculations for these areas

are as follows:

40people N 2‘SOdays N 10gallons " 8.3Ib_s x (140°F-50°F)

Showers = day year person gal = 97.1mmBtulyr

1,000,000—2%_ « g
mmBtu

300269 260 2S g s8allons g 3165 (140°F-50°F)

Jeneral = day year person gal = 36.4mmBtuly.
1,000,000—2%_ « 3
mmBtu

Entech Engineering, Inc.
5-20




Table 5.5.1 summarizes the results of the above calculations.

Table 5.5.1, DHW Summary
Period | Energy, mmBtu | Gas, mcf | Gas, Cost
Kitchen 175 170 $1,330
Showers 97 94 $736
General 36 35 $282

5.6 Reheating (Cooling Season)
Each air handling system contains spaces which use reheating of supply air.
Most of the spaces primarily located around the perimeter of the building.
From drawings design and documents approximately 90,000 cfm of air is
treated by reheats. Of this quantity, approximately 10,000 cfm is constant
volume while the remaining 80,000 cfm can be throttled back to 30%. This air
generally enters a vav box at 55°F where it is heated by a coil to provide the
proper space temperatures. The temperature rise in the air stream can be from
0°F to 15°F depending upon internal loads. For the most part, it is expected
that only the areas with constant volume are using reheats during the cooling
season. It is further expected that the average temperature rise in the air stream
is 10°F. Based upon these estimates, the annual reheat energy is estimated at
194 mmBtu or 269 mcf (194 mmBtu + 1.03 mmBtu/mcf + 70% eff.) calculated

as follows:

10,000cfm x 1.08x5°FAT x 24775 x 30995 x s™M0
Reheat Energy = day no Y = 194mmBtu
1,000,000—3
mmBtu

Entech Engineering, Inc.
5-21




5.7

The quantity calculated above will be checked using the DOE simulation

program as described in Section 2.

Humidification (Heating Season)

Currently air handlers 1S through 9 utilize steam humidification. A total of
785 1bs of humidification is installed, taking care of approximately 48,500 cfm
of minimum outside air. According to design documents, during the winter
most spaces are kept at approximately 30% R.H. During 1993-94, the air
handling systems operated 16 hours per day. Using an average outdoor winter
temperature of 40°F and a relative humidity of 60%, (Reference Attachment
10.3) the annual gas usage for humidification is 903 mcf. The following

calculations show the process used to determine gas usage:

Indoor Winter Temperature = = 70°F

Indoor Winter R.H. = 30%

Moisture Content at Saturation = 8.10 grains

Moisture Content at 70% R.H. = 2.43 grains (8.10 gr x 30%)

Average Winter Temperature = 40°F

Average Winter Relative RH. = 60%

Moisture Content at Saturation = 2.86 grains

Moisture Content at 70% R.H. = 1.72 grains (2.86 gr x 60%)

Average lbs/hr (Steam) = 179 Ibs/hr [(2.43 gr- 1.72 gr) x (48,500
cfm x 60 min/hr) + 7,000 gr/lbs = 295
1bs/hr]

Equivalent Gas (mcf/yr) = 903 mcf [(295 Ibs/hr x 16 hrs/day x 30

days/mo x 4 mo) x 1,150 Btu/lb +
1,030,000 Btu/mcf + 70% eff = 903 mcf]
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5.8 Kitchen Energy (gas)

Currently Marshall Hall contains a variety of gas cooking equipment. Table

5.8.1 on the following page displays estimated energy consumption for the

various pieces of equipment. This table was developed from Entech's

observations during walk-through and represents a five-day per week

operation, producing breakfast and lunch. Gas usage for direct-fired gas

equipment is based upon an average efficiency of 65%.

Table 5.8.1, Kitchen Gas Users

Description Btu/hr Quantity hrs/day days/yr mmBtu/yr mcfiyr
Convection Oven 100,000 1 4 260 104.0 155
Convection Steamer 200,000 1 4 260 208.0 311
Fryer 100,000 1 4 260 104.0 155
Range/Oven 130,000 2 4 260 270.4 404
Broiler 40,000 2 4 260 83.2 124

Totals 769.6 1,150

The above table indicates that total gas consumed by direct fired gas equipment

is 1,150 mcf per year for a cost of $13,300 (1,150 mef/yr x $7.83/mcf).

5.9 DOE Simulation Results

A DOE simulation was performed as described in Section 2 for Marshall Hall.

Simulation input/output information can be located in Attachment 10.7. A

summary of its results and a comparison to estimates developed earlier in this

report is presented below in Table 5.9.1. It should be noted that simulation

programs are based upon historical weather data and cannot account for

significant changes in weather patterns. The results of DOE will be used to

check previous estimates.
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5.10

Table 5.9.1, DOE Simulation Results and Comparisons

Area DOE kWh DOE mcf Entech kWh Entech mcf

Air Handlers/Exhaust 1,225,142 1,539,100

Cooling 1,078,708 1,221,918
Heating/Humidification 81,855 7,397 90,020 7,896
Reheats 269
DHW 299
Lighting 1,623,167 1,437,424

Misc./Kitchen 637,454 784,962 1,150

The above table indicates that both methods provide similar results. It should
be noted that EZDOE is used as a backup tool. EZDOE calculations are oased

upon historical weather data which cannot reflect changes in weather.

Gas Balance

The total natural gas which can be accounted for is 9,614 mcf. This quantity is
based on the estimates presented throughout this Section. The natural gas
billing history shows a total of 12,678 mcf billed during 1993-94. This
indicates that 3,064 mcf (12,678 mcf - 9,614 mcf) is unaccounted for. From
walk-through and information provided by maintenance personnel, it was
found that the boilers have been cycling constantly and operation has been
inefficient. Based upon the existing operation of the boilers and the
conservative calculations provided throughout this section, Entech believes the
unaccounted gas is due to boiler inefficiencies. For the purposes of this study,
the 3,064 mcf and $24,000 (3,064 mcf x 7.83/mcf) will be labeled as boiler
losses. Table 5.10.1 displays gas consumption distribution. It should be

realized that values in this table balance to building gas usage.
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Table 5.10.1, Gas Balance

Area mcf $
Kitchen 1,150 $9,000
DHW 299 $2,300
Humidification 903 $7,100
Reheats 269 $2,100
Heating 6,993 $54,800
Losses 3,064 $24,000
Totals 12,678 $99,300

5.11 Summary
Table 5.11.1 summarizes the energy estimates developed throughout Section

5.0. The quantities show are based on Entech's estimates.

Table 5.11.1, Energy Cost by System/Area

Description Total 8 Electric § Gas 8
Cooling $80,800 $80,800 $0
Heating $60,000 $5,200 $54,800
DHW $2,300 $0 $2,300
Kitchen $37,400 $28,400 $9,000
Air Handlers $89,000 $89,000 $0
Lighting $129,500 $129,500 $0
Exhaust $3,900 $3,900 $0
Miscellaneous $32,400 $32,400 $0
Reheating $2,100 $0 $2,100
Humidification $7,100 $0 $7,100
Boiler Losses $24,000 $0 $24,000
Totals $468,500 $369,200 | $99,300
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Figure 5.11.2 below graphically illustrates the results from Table 5.11.1.

Figure 5.11.2
Energy Cost by System/Area

Cooling 17.1% $80,800

Losses 5.1% $24,000
Reh/Hum 1.9% $9,200

P Misc. 6.8% $32,400

B Exhaust 0.8% $3,000

Heating 12.7% $60,000
DHW 1.5% $7.300

Kitchen 7.9% $37.400

Air Handlers 18.8% $89.000 Lighting 27.3% $129,000
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6.0
6.1

ENERGY CONSERVATION OPPORTUNITIES

General

The items discussed in this section of the report are the result of investigation of
several energy cost reduction strategies and products. The items which appear
to offer the most significant savings are presented herein and are called Energy
Conservation Opportunities (ECOs). The format for an ECO addresses the

following:
Existing discusses the current operational levels and approximate costs.

Proposed presents a new concept designed to save energy; however, it should
be understood that the actual design has not yet been performed. Arrangements

and quantities may change somewhat during final design.

Construction Costs covers materials, labor, and indirect costs needed for a
complete project, including associated engineering design and construction

management costs. Escalation is not included. Costs are in 1995 dollars.

Savings shows an expected level of annual cost savings does not include price
increases of various energy sources or interactive savings. The ECOs are

calculated on a stand alone basis.

Discussion notes simple payback period and additional monetary or operation

factors involved in the ECO.

Entech Engineering, Inc.
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6.2

Recommended ECOs
The following ECOs have a payback period of under 10 years and are therefore

recommended for implementation.

ECO # ECO Description

1 Reducing Boiler Cycling (Nov-Apr)

Expand Energy Monitoring and Control System

Shut off Boiler in Summer

RN BRVS B B 8]

Security Room AC Renovations

4A | Shutdown Chillers During Winter & Summer
Unoccupied Periods

Electric Cooking Equipment to Natural Gas

Reduce Building HVAC Outdoor Air Requirements

Replace Electric Dishwasher Booster Heater

100 Watt HPS Loading Dock Luminaires

O | 0 | 3| | W

4' T-8 Lamp Retrofit

10 Reflectors
11 3' HPS Bollards
12 Replace 75 Watt Mercury Vapor Wall Washers

13 Motion Sensors

14 Exit Signs to LED

Entech Engineering, Inc.
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Existing.

Proposed.

ECO-1
Reduce Boiler Cycling (Nov-Apr)

The current space heating system was designed for ASHRAE
outdoor winter design conditions. During periods of light space
heating, the system has difficulty following building loads
smoothly and efficiently. Both the steam converter control valve
and the boiler cycle from completely open to completely shut
several times, (10 to 30), per hour. This cycling causes the boiler
to operate at a system efficiency significantly below its optimum.

Fuel consumption patterns and the heat loss model indicate the
overall boiler system efficiency at approximately 50% (calculated
in Section 5.10) during these periods. As shown below, 10,007
mcf is used from November through April by the boilers. This
quantity includes 2,111 mcf which is lost due to the cycling.
Annual gas cost for the boilers during this period is $78,400. The
table below summarizes boiler gas usage:

Area mcf $

Heating 6,993 |  $54,800
Humidification 903 $7,100
Reheats 0 $0
Losses 2,111 $16,500

Totals 10,007 $78,400
Gas Usage = 10,007 mcf
Gas Cost = $78,400 (10,007 mcf x $7.83/mcf=

$78,355, use $78,400)

Replace the current steam control valve arrangement with two new
valves piped in parallel. The smaller valve (one third size) will
modulate alone during periods of low demand and will restrict
boiler operation to a more steady level. During colder weather, the
second control valve will modulate once the first valve is fully

Entech Engineering, Inc.
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Construction
Cost.

Savings.

open to meet peak loads. Overall boiler efficiency is expected to
increase substantially. Entech expects that approximately 80% of
the losses (shown above) will be avoided which would provide an
overall system efficiency of 65%. The system efficiency would be
comparable to typical seasonal efficiencies for well operated
systems. Annual fuel usage for the boilers during November
through April will be reduced to 8,318 mcf while gas cost will be
reduced to $65,100.

Area mcf $

Heating 6,993 |  $54,800
Humidification 903 $7,100
Reheats 0 $0
Losses 422 $3,300

Totals 8,318 $65,100
Gas Usage = 8,318 mef (10,007 mef- 2,111 mef x

80%)

Gas Cost = $65,100 (8,318 mcf x $7.83/mcf =

$65,130, use $65,100)

The expected construction cost for this project will be $9,000.
(reference attached cost estimate).

Material $4,000
Labor $4,000
Engineering $1,000

The annual cost savings resulting from the implementation of this
project will be $13,300 ($78,400 - $65,100).

Gas Usage = 1,689 mcf (10,007 mcf - 8,318 mcf)

Energy Usage = 1,740 mmBtu (1,689 mcf x 1,030,000
Btu/mcf) + 1,000,000 Btw/mmBtu)

Entech Engineering, Inc.
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Discussion.

Btu/sf = 7,146 Btu/sf (1,689 mcf x 1,030,000
Btu/mcf) + 243,450 sf)

The expected payback resulting from the implementation of this
project is 0.7 years ($9,000+$13,300). There will be no additional
monetary savings due to reduced maintenance.

Entech Engineering, Inc.
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ECO-1

REDUCE BOILER CYCLING
. : MATERIAL LABOR LINE
) DESCRIPTION QUAN. | UNITS | S/UNIT TOTAL _S/UNIT TOTAL TOTAL #
' 1 MECHANICAL 1
2|CONTROL VALVES 1JLS $1,000 $1,000 $1,000 $1,000 $2,000f 2
3JPIPE & ACCESSORIES 1lLs $2.400 $2,400 $1.500 $1,500 $3.900] 3
4]DEMOLITION 1JLS $0 $700 $700 $700] 4
‘ 5 $0 $0 sof s
i 6 $0 $0 so] &
7 $0 $0 sof 7
| 8 $0 $0 so] 8
; 9 $0 $0 so] o
} 10 $0 $0 so] 10
jj $0 $0 sofl 11
12 $0 $0 so] 12
13 $0 $0 so] 13
14 $0 $0 so] 14
s $0 $0 $0] 15
16 $0 $0 so] 16
N It $0 $0 sol 17
18 $0 30 so] 18
19 $0 $0 sof 19
i1 20 $0 $0 so] 20
T $0 $0 so] 21
Pl 22 $0 $0 o] 22
N X $0 $0 sof 23
il 24 $0 $0 so] 24
23 $0 $0 s0] 25
| 26 $0 $0 $0] 26
127 $0 $0 so] 27
Pl 28 $0 $0 sof 28
. 29 $0 $0 so] 29
P 30 $0 $0 s0] 30
N BEY $0 $0 sof 31
i1 32 $0 $0 so] 32
N EE $0 $0 so] 33
34 $0 $0 s0] 34
35 $0 $0 sof 3s
36 $0 $0 so] 36
37 $0 $0 so] 37
38 $0 $0 so] 38
Pl 39 $0 $0 sof 39
1 40 $0 $0 so] 40
L 4 $0 $0 so] 41
42 $0 $0 0] 42
43 $0 30 sof 43
44 $0 $0 so] 44
s $0 $0 so] a5
| 4 $0 $0 s0] 46
47 $0 $0 so] 47
48 $0 $0 so] 43
49 $0 $0 so] 49
50 $0 $0 sof 50
51 $0 $0 $0] 51
52 $0 $0 so] 52
53 $0 $0 so] 53
54 $0 $0 sof 54
55| CONTINGENCY 20% $580 $340 s1.420] 55
56 $0 $0 so] s6
57 57
TOTALS>>>>>>>> $4,000 54,000 $8,000
. G:\PROJECTS\4130.04\SS\CEECOBLR. WK1
|__ENTECH ENGINEERING INC. 24-Aug-95
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ECO-2
Expand Energy Monitoring and Control System

Existing. Marshall Hall has an existing Energy Monitoring and Control
System (EMCS). This system was originally specified during the
design phase and subsequently installed during construction.
According to design documents, the system has the capability of
controlling the following HVAC areas

1 Air Handling Units
2 Chillers
3 Boilers
These areas can be controlled by the use of schedules, start-stops,
temperature resets and enthalpy control. The existing energy usage
and cost for these areas as calculated in the Electric Model and
Heat Loss Model is summarized below and shown in detail on the
following pages. The existing annual cost for the above mentioned
areas is $197,800.
Air Handler Usage
Demand | Off-Peak | Intermediate | On-Peak Cost
Season kW kWh kWh kWh $
Non-Summer 1,313 468,114 172,074 172,074 $43,021
Summer 937 334,368 122,910 122,910 $40,779
Totals 2,250 802,482 294,984 294,984 $83,800
Boiler Usage
Demand | Off-Peak | Intermediate | On-Peak Cost
Season kW kWh kWh kWh $
Non-Summer 93 29,014 11,198 11,198 $2,796
Summer 32 12,038 4,725 4,950 $1,485
Totals 125 41,052 15,923 16,148 $4,300

Entech Engineering, Inc.
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Boiler Gas Usage

Boiler Gas Cost

Il

il

6,993 mcf (space heating energy)

$54,800 (6,993 mcf x $7.83/mcf =

$54,755 use $54,800)
Chiller Usage
Demand | Off-Peak [ Intermediate | On-Peak Cost
Season kW kWh kWh kWh $

Non-Summer 476 149,057 52,224 76,563 $15,117
Summer 955 272,294 123,193 135,406 $39,764

Totals 1,431 421,351 175,417 211,969 $54,900
Proposed. The EMCS is not being utilized to the full extent of its capabilities.

The EMCS needs reprogramming and "tuning". A Robertshaw
Control Company representative should be retained to accomplish
required programming, tuning, consultation, and system operations
training for Building Operating Engineers. The potential exists for
energy and cost savings thru implementation of the following
control strategies:

Utilize the Automatic Economizer Cycle. Utilize the program's
economizer cycle to optimize performance; currently, the
economizers are operated manually. Allow air handling units to
utilize outdoor air economizer cycle at all times. This will reduce
chiller operation and boiler operation. All control points exist.
There are no savings expected for this item since it is impossible to
predict currently, how the economizers are utilized throughout the
year.

Shut Off Air Handling Units in Unoccupied Periods. Program all
non-critical air handling units to shut off during unoccupied hours.
This will reduce chiller and boiler operation. Chiller energy
savings have been accounted for in ECO-7. The boiler gas savings
will be calculated in this ECO as they are not included in any other

ECO. Currently the air handling units have control points tied to
the EMCS.

Entech Engineering, Inc.
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Presently, all air handling units operate during the off-peak hours.
In the electric model during this period the units shown operating
8.5 full load :quivalent hours. Since the building is unoccupied
during the off-peak hours, it is unnecessary to operate the fans. It
is estimated that scheduling can reduce off-peak operation by 6
hours. The remaining 2 hours of operation will be for fan cycling.
The electric model has been revised to show this change which has
resulted in electric usage for the air handlers being reduced to
606,237 kWh. There will be no reduction in electric demand for
the fans. Electric cost for the fans will be reduced to $54,500 as
summarized on the below and shown in detail on attached tables.

Air Handler Usage
Demand | Off-Peak | Intermediate { On-Peak Cost
Season kW kWh kWh kWh $
Non-Summer 1,313 93,753 105,000 172,074 $26,085
Summer 937 37,500 75,000 122,910 $28,434
Totals 2,250 131,253 180,000 294,984 $54,500

Reduce Boiler Usage at Night (Nov-Apr). Program the boilers to
setback during the unoccupied hours by reducing the amount of
outside air introduced to the building. Reduction in nighttime
ventilation will significantly reduce boiler operation. Boiler
savings are only for the months of November through April.
Savings during the summer months will be accounted for in ECO-
3.

Electric usage for the boilers and pumps will be reduced but not
eliminated. The boilers will still need to operate in order to offset
building skin losses. Entech estimates 2 full load hours of
operation by the boiler system will be saved. A revised electric
model boiler energy cost lowered to $3,900 as shown on the
following page.

Entech Engineering, Inc.
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Boiler Usage

Demand | Off-Peak | Intermediate | On-Peak Cost
Season kW kWh kWh kWh $
Non-Summer 93 21,603 10,180 11,198 $2,475
Summer 32 10,688 3,750 4,950 $1,393
Totals 125 32,291 13,930 16,148 $3,900

The heating load associated with the outdoor air is 3,042,600
But/hr as is calculated in the Heat Loss Model and the associated
cost is $38,200 or 4,879 mcf. Unoccupied hours account for 60%
of the total operating hours available. By closing the outdoor air
dampers in the unoccupied hours, the associated heat load is

reduced to 1,217,000 Btu/hr with a new cost of $15,300.

Boiler Gas Usage =

Boiler Gas Cost =

1,952 mef (4,879 mef x (1 - .6) = 1,952

mcf)

$15,300 (1,952 mcf x $7.83/mcf =
$15,284, use $15,300)

Chilled Water Reset. Program the chillers to allow the chilled

water supply temperature to air handling unit cooling coils to rise.
Chiller will optimize chilled water supply temperature based on
return water temperature while satisfying all building systems
space temperature and humidity requirements. This will reduce
chiller energy usage. The points to reset chilled water by the
EMCS exist as well as programming. Savings for this item are
included below.

Raise Summer Space Temperatures. Program all non-critical air

handling unit systems to allow for higher space temperatures
during the cooling season. The space temperatures are currently
set for 70°F in the summer. Current energy standards recommend
78°F; raise summer space temperature to 75° for all non-critical
spaces. By raising the space temperature, the leaving air
temperature of the corresponding air handlers can be raised and the

Entech Engineering, Inc.
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space humidity levels can also be raised in the same areas. The
discharge air set points will vary with each unit. Space humidity
levels can be raised from 50% to 55 %. These changes will reduce
chilled water system energy usage. All control points currently
exist in the EMCS to make the change and must be re-
programmed.

The current energy electric cost for operating of the chiller to
produce chilled water is $55,300. The DOE simulation program
was recalculated with a summer space temperature setting of 75°F.
DOE calculated an 11% decrease in the quantity of cooling energy
required. For the purposes of this study, the 11% reduction in
summer demand and usage will lower annual chiller cost to
$50,500.

Chiller Usage
Demand | Off-Peak [ Intermediate | On-Peak Cost
Season kW kWh kWh kWh $
Non-Summer 476 149,057 52,224 76,563 $15,117
Summer 850 242,342 109,642 120,511 $35,391
Totals 1,326 391,399 161,866 197,074 $50,500

Lower Winter Space Temperatures. Program all non-critical air
handling unit systems to allow for lower space temperatures during
the heating season. The space temperatures are currently set for
70°F in the winter. Current energy standard recommend 68°F.
Lowering winter space temperature to 68 °F for all non-critical
spaces. DOE was also recalculated at this lower temperature
during the heating season. DOE calculated a 3% decrease in
winter space heating This change will reduce boiler operation.

All control points currently exist in the EMCS to make the change
and must be re-programmed.

As shown in existing operation, the quantity of gas used for space
heating is 6,993 mcf and $54,800. It will be assumed that
"reducing boiler operation at night" will be implemented.

Entech Engineering, Inc.
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Construction
Cost.

Savings.

Therefore energy savings will be based on a revised gas usage of
4,066 mcf (6,993 mcf - (4,879 mcf - 1,952 mcf)). Energy usage for
space heating will be lowered to 3,944 mcf (4,066 mcf x 97%).
Overall space heating cost will be lowered to $30,900 (3,944 mcf x
$7.83/mcf).

Automatic Boiler and Chiller Control and Sequencing. Program

boilers and chiller to operate automatically under the EMCS
control. Program boilers and chillers to sequence to satisfy load
demand with minimum energy input. All control points exist.

Annual cost for these systems will be reduced to $139,800
($54,500 + $3,900 + $30,900 + $50,500).

The expected construction cost for this project will be $50,000.
(Reference attached cost estimate).

Material $ 5,000
Labor $40,000
Engineering $ 5,000

The annual cost savings resulting from the implementation of this
project will be $58,000 ($197,800 - $139,800).

Off-Peak kWh = 709,942 kWh (1,264,885 kWh - 554,943
kWh)

Intermediate kWh = 130,528 kWh (486,324 kWh - 355,796
kWh)

On-Peak kWh = 14,895 kWh (523,101 kWh - 508,206
kWh)

Summer kW = 105 kW (1,924 kW - 1,819 kW)

Non-Summer kW = 0 kW (1,882 kW - 1,882 kW)

Gas Usage = 3,049 mcf (6,993 mcf - 3,944 mcf)

Entech Engineering, Inc.
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Discussion.

Energy Usage = 6,060 mmBtu [((709,942 kWh + 130,528
kWh + 14,895 kWh) x 3,413 Btw/kWh) +
(3,049 mcf x 1,030,000 Btu/mcf)] +
1,000,000 Btu/mmBtu

Btu/sf = 24,891 Btu/sf [((709,942 kWh + 130,528
kWh + 14,895 kWh) x 3,413 Btw/kWh) +
(3,049 mcf x 1,030,000 Btu/mcf)] +
243,450 sf

The expected payback resulting from the implementation of this
project is 0.9 years ($50,000 + $58,000). The existing EMCS is
capable of adequately controlling the building. The system is not
being utilized currently because operating personnel are not trained
on how to operate the system. This ECO is recommended for its
low payback and to get operating personnel trained. Once
operating personnel are trained, the re-programming of most of the
points can be done by them and save on outside control contractor
re-programming costs. Recommend that the first step to
implementing this ECO is to have operating personnel trained.
There will be no additional monetary savings due to reduced
maintenance.

Entech Engineering, Inc.
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ECO-2
EXISTING ENERGY USAGE TABLE

i NON-SUMMER SUMMER

~ NON- | . OFF- ~ ON-  OFF- | . ON-

'SUMMER | SUMMER  PEAK  INTER. ' PEAK  PEAK  INTER. | PEAK

DESCRIPTION | KW | KW | KWH _ KWH ' KWH  KWH | KWH | KwWH
BOILERS | 15 4] 5501 2123 2123 1,350 600 825
HW PUMPS ! 781 28] 23513, 9075 9075 10688 4125 4,125
" AHUSUPPLYFANS(9) | 893 638] 318,141 116,837 116,837 227,244 83,455 83,455
 AHURETURNFANS (9) 420 209] 149,973 55237 65237 107,124 39,455 39,455
TOTALS | 1,406 969 497,128, 183,272 183272 346,406 127,635/ 127,860

Electric Cost = $88,100

Non- Summer:
KW $9,280 1,406 kw/yr * $6.60/kw
Off-peak KWH $18,394 497,128 kwh/yr * $0.037/kwh
Intermediate KWH $8,431 183,272 kwh/yr * $0.046/kwh
On- peak KWH $9,713 183,272 kwh/yr * $0.053/kwh

Summer:
KW $16,560 969 kw/yr * $17.09/kw
Off-peak KWH $11,778 346,406 kwh/yr * $0.034/kwh
Intermediate KWH $5,999 127,635 kwh/yr * $0.047/kwh
On- peak KWH $7,927 127,860 kwh/yr * $0.062/kwh
Totals $88,081
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ECO-2
PROPOSED ENERGY USAGE TABLE

!

| NON-SUMMER : SUMMER [

NON- |  OFF- | . ON- . OFF- . ON-

/SUMMER SUMMER  PEAK  INTER. ' PEAK  PEAK | INTER = PEAK

DESCRIPTION KW | KW | KWH | KWH | KWH | KWH | KWH  KWH
BOILERS ‘ 15, 4 4053 1930 2123 450 300! 825

HW PUMPS ; 78 28, 17,550, 8,250  9,075( 9,000] 3750' 4125
AHU SUPPLY FANS (9) 893 638 63,789, 71442 116,837 25515 51,030 83,455
AHU RETURN FANS (9) _ 420 299' 29,964 33558, 55237 11,985 23,970 39,455
TOTALS 1,406 | 969 115356 115180 183,272, 46,950 79050 127,860

Electric Cost =

Non- Summer:
KW
Off-peak KWH
Intermediate KWH
On- peak KWH

Summer:
KW
Off-peak KWH
Intermediate KWH
On- peak KWH

Totals

$58,400

$9,280
$4,268
$5,298
$9,713

$16,560
$1,596
$3,715
$7,927

$58,359
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1,406 kw/yr * $6.60/kw
115,356 kwh/yr * $0.037/kwh
115,180 kwh/yr * $0.046/kwh
183,272 kwh/yr * $0.053/kwh

969 kw/yr * $17.09/kw
46,950 kwh/yr * $0.034/kwh
79,050 kwh/yr * $0.047/kwh

127,860 kwh/yr * $0.062/kwh




ECO-2

EXPAND ENERGY MONITORING AND CONTROLS SYSTEM

MATERIAL _LABOR LINE
. # DESCRIPTION QUAN. L UNITS } S/UNIT | _TOTAL | SUNIT_] TOTAL | ToTAL | #
I I
2|REPROGRAMMING OF POINTS 125[EA $0 $0 2000 $25000]  s$25.000] 2
3|ADDITIONAL POINTS afeT $1.250 $5.000 $1.000 $4,000 $9.000] 3
4| TRAINING OF OPERATING PERSONEL 1|EA 50 $6,000 $6,000 $6.000] 4
5 $0 30 so] s
6 50 50 so] s
7 $0 $0 so] 7
8 50 $0 so] 8
9 $0 $0 so] o
10 50 50 so] 10
1 50 50 so] 1
12 50 $0 so] 12
13 50 50 so] 13
14 30 $0 so] 14
15 $0 $0 so| 15
| 16 $0 $0 so] 16
| 17 $0 $0 so] 17
| 18 30 $0 so] 18
| 19 50 $0 so] 19
20 $0 $0 sof 20
21 $0 50 so] 21
22 $0 $0 so] 2
23 50 $0 so] 23
24 50 50 so] 24
25 50 $0 so| 25
26 $0 50 so] 26
27 50 $0 so] 27
28 50 $0 so] 28
29 50 $0 so] 29
. 30 50 $0 so| 30
N T 50 $0 so] 31
32 50 $0 so] 32
33 $0 $0 so] 33
34 50 $0 o] 34
35 $0 $0 so] 35
36 $0 $0 so| 36
37 $0 50 so| 37
38 $0 $0 so] 38
39 50 50 so] 39
40 50 $0 so] 40
a1 50 $0 so| 41
42 $0 50 so| 22
43 $0 50 so| 43
44 $0 50 so] 4
45 $0 $0 so] 45
46 $0 $0 so] a6
47 $0 $0 so| _47]
= 50 $0 so] 48
i 50 $0 so] 49
50 50 $0 so] 50
N 50 50 so| s
=2 50 50 so] 2
i 50 $0 so] 53
3 I $0 $0 so] s
|55 $0 $0 so] 55
56 56
TOTALS>>>>>>>> $5,000 $35,000]  $40,000

.QPROJECTSN 130.0A\SS\CEECOEMS. WK1
ENTECH ENGINEERING INC.
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Existing.

Proposed.

ECO-3
Shut Off Boilers in Summer

During the non-space heating months from May through
September, the boilers have been operational in order to provide
hot water to reheat coils. Total cost to operate the boilers and
pumps in the non-space heating months is $11,400. The costs and
usages are developed from billing histories and electric models.

Gas Usage = 1,222 mcf

Gas Cost = $9,600 (1,222 mcf x $7.83/mcf = $9,568,
use $9,600)

Off-Peak kWh = 14,648 kWh

Intermediate kWh = 5,685 kWh

On-Peak kWh = 5,910 kWh

Summer kW = 37 kWh

Electric Cost = $1,800 (37 kW/yr x 17.09/kW + 14,648

kWh x $0.034/kWh + 5,685 kWh x
$0.047/kWh + 5,910 kWh x $0.062/kWh
=$1,764, use $1,800)

Refer to the attached Existing Energy Usage Table for a more
detailed breakdown of operating costs.

Shut off the boilers during the months of May through September.
Allow the VAV system boxes to modulate space temperatures
without the use of the reheats. The minimum supply cfm set point
and controllers must be modified for approximately 125 VAV
control boxes. The minimum set points will be reduced form 30%
to 15% of the maximum supply air quantity. The reduction in
supply cfm will still meet ASHRAE minimum ventilation rates.
During the summer period, the need to operate the boilers will be

Entech Engineering, Inc.
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Construction
Cost

Savings.

eliminated. Therefore, all gas and electric usage by the boilers
during the summer months will be $0.

Gas Usage = 0 mcf
Gas Cost = $0
Off-Peak kWh = 0 kWh
Intermediate kWh = 0 kWh
On-Peak kWh = 0 kWh
Summer kW = 0 kW

Refer to the attached Proposed Energy Usage Table for a more
detailed breakdown of operating costs.

The expected construction cost for this project is $14,000
(reference attached cost estimate).

Material $ 1,000
Labor $ 13,000
Engineering $ 0

The annual cost savings resulting from the implementation of this

project will be $11,400 ($11,400 - $0).

Gas Usage = 1,222 mcf (1,222 mcf - 0 mcf)

Gas Cost = $9,600 (1,222 mcf x $7.83/mcf= $9,568)
Off-Peak kWh = 14,648 kWh (14,648 kWh - 0 kWh)
Intermediate kWh = 5,685 kWh (5,685 kWh - 0 kWh)
On-Peak kWh = 5,910 kWh (5,910 kWh - 0 kWh)

Entech Engineering, Inc.
6-18




Summer kW 37kW (37 kW - 0 kW)

Energy Usage = 1,348 mmBtu [(14,648 kWh + 5,685 kWh
+5,910 kWh) x 3,413 Btu/kWh + (1,222
mcf x 1,030,000 Btuw/mcf)] + 1,000,000
Btu/mmBtu

Energy Usage = 5,538 Btu/sf [(14,648 kWh + 5,685 kWh
+5,910 kWh) x 3,413 Btw/kWh + (1,222
mcf x 1,030,000 Btu/mcf)] + 243,450 sf

Discussion. The expected payback resulting from the implementation of this
project is 1.2 years ($14,000+$11,400). There is no additional
monetary savings due to reduced maintenance.

Entech Engineering, Inc.
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ECO -3
EXISTING ENERGY USAGE TABLE

| ! NON-SUMMER i SUMMER
~ NON- | OFF- ON- | OFF- | " ON-
'SUMMER ! SUMMER PEAK  INTER. | PEAK | PEAK : INTER. = PEAK
DESCRIPTION KW KW KWH KWH KWH | KWH | KWH | KWH
BOILER B-2 1 4 360 60| 60 1,350 600 825
PUMP P-2 | 4 28 2,250 900 900 10,688 4,125 4,125
’ [ i '

4,725 4,950

TOTALS

Electric Cost = $1,700

Non- Summer:

KW $32 5 kw/yr * $6.60/kw
Off-peak KWH $97 2,610 kwh/yr * $0.037/kwh
Intermediate KWH $44 960 kwh/yr * $0.046/kwh
On- peak KWH $51 960 kwh/yr * $0.053/kwh
Summer:
KW $547 32 kw/yr * $17.09/kw
Off-peak KWH $409 12,038 kwh/yr * $0.034/kwh
Intermediate KWH $222 4,725 kwh/yr * $0.047/kwh
On- peak KWH $307 4,950 kwh/yr * $0.062/kwh
Totals $1,709
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ECO-3
PROPOSED ENERGY USAGE TABLE

NON-SUMMER

SUMMER

NON- OFF-

| ON-

SUMMER |[SUMMER | PEAK | INTER. . PEAK

OFF- ON-
PEAK INTER.  PEAK

DESCRIPTION KW | KW KWH | KWH KWH KWH KWH KWH
BOILER B-2 0! 0 0 0 0 0 0; 0
; PUMP P-2 0! 0 0 0 0 0
I

0 0]

L

TOTALS

Electric Cost =

Non- Summer:
KW
Off-peak KWH
Intermediate KWH
On- peak KWH

Summer:
KW
Off-peak KWH
Intermediate KWH
On- peak KWH

Totals

$0

$0
$0
$0
$0

$0
$0
$0
$0

$0

6-21

0 kw/yr * $6.60/kw

0 kwh/yr * $0.037/kwh
0 kwh/yr * $0.046/kwh
0 kwh/yr * $0.053/kwh

0 kwi/yr* $17.09/kw

0 kwh/yr * $0.034/kwh
0 kwh/yr * $0.047/kwh
0 kwh/yr * $0.062/kwh




ECO-3
SHUT OFF BOILERS IN SUMMER

. MATERIAL LABOR LINE

. . DESCRIPTION QUAN. § UNITS S/UNIT TOTAL $/UNIT TOTAL TOTAL #
MECHANICAL 1

1{ALTER VAV BOXES 125|EA $10 $1,250 $100 $12,500 $13,750 2
2 3
3 4
4 5
5 6
6 7
7 8
8 9
9 10
10 11
Il 12
12 13
13 14
14 15
15 16
16 17
17 18
18 19
19 1 20
20 21
21 22
22 23
23 24
24 25
25 26
26 27
27 28
28 29
29 30
30 31
31 32
32 33
33 34
34 35
35 36
36 37
37 38
38 39
39 40
40 41
41 42
42 43
43 44
44 45
45 46
46 47
47 48
48 49
49 50
50 51
51 52
52 53
53 54
54 55
55 56
56 57
57 58

. TOTALS>>>>>>>> $1,000 $13,000 $14,000

G:\PROJECTS\4130.04\SS\CEBLRSUM.WK1
ENTECH ENGINEERING INC.

24-Aug-95
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Existing.

Proposed.

ECO-4
Security Room AC Renovations

According to design drawings, Room 1A129, located on the first
floor, is designated as the security Room while Room 1A132
(adjacent) is designated as telephones. Air conditioning for the
telephone room is supplied by air handling unit AHU-3. An
independent fan coil unit, FC-5, furnishes air conditioning for the
security room. Presently, the security room is occupied 24 hours
per day.

During site investigations, it was found that security personnel
were occupying the telephone room while the telephone equipment
was installed in the original security room. However, the
mechanical systems were not altered. AHU-3 is operated 24 hours
per day to satisfy the air conditioning needs of the security room.
Total annual cost to operate FC-5 and AHU-3 including weekends
and normal unoccupied hours is $7,300. These costs were
developed in the Electric model and are summarized below.

Off-Peak Usage = 70,082 kWh
Intermediate Usage = 24,775 kWh
On-Peak Usage = 24,775 kWh
Summer kW = 85 kW

120 kW

Non-Summer kW

Refer to the attached Existing Energy Usage Table for a more
detailed breakdown of operating costs.

Alter the existing systems in order to allow the telephone room to
be supplied from AHU-3 and the security room from the fan coil.
In addition, add an exhaust fan for ventilation. The exhaust fan
will draw air from surrounding spaces to the security room for
ventilation. This alteration will allow AHU-3 to be shutdown

Entech Engineering, Inc.
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Construction

Cost.

Savings.

during unoccupied periods. The electric model was revised to
show AHU-3 being shutdown during the unoccupied periods (0
hours of operation). Shutting down AHU-3 will lower the annual
cost to operate these systems to $4,700 as shown on the following
page. Electric usage and demand will be as follows:

Off-Peak kWh = 9,763 kWh
Intermediate kWh = 13,417 kWh
On-Peak kWh = 24,967 kWh
Summer kW - 86 kW
Non-Summer kW = 121 kW

Refer to the attached Proposed Energy Usage Table for a more
detailed breakdown of operating costs.

The expected construction cost for this project is $7,000
(Reference attached cost estimate).

Material $ 2,000
Labor $ 4,000
Engineering $ 1,000

The annual cost savings resulting from the implementation of this
project will be $2,600 ($7,300 - $4,700).

Off-Peak kWh = 60,319 kWh (70,082 kWh - 9,763 kWh)
Intermediate kWh = 11,358 kWh (24,775 kWh - 13,417 kWh)
On-Peak kWh = -192 kWh (24,775 kWh - 24,967 kWh)
Summer kW = -1 kW (85 kW - 86 kW)

Non-Summer kW = -1 kW (120 kW - 121 kW)

Entech Engineering, Inc.
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Discussion.

Energy Usage =

Btu/sf =

244 mmBtu (60,319 kWh + 11,358 kWh
- 192 kWh) x 3,413 BtwkWh) +
1,000,000 Btw/mmBtu)

1,002 Btu/sf (60,319 kWh + 11,358 kWh
- 192 kWh) x 3,413 Btw/kWh) + 243,450

sf)

The expected payback resulting from the implementation of this
project is 2.7 years ($7,000 + $2,600).

Entech Engineering, Inc.
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ECO4
EXISTING ENERGY USAGE TABLE

NON-SUMMER ‘ SUMMER

~ NON- OFF- I ON- OFF- ON-

'SUMMER, SUMMER PEAK  INTER. = PEAK - PEAK  INTER. ' PEAK

DESCRIPTION KWL KW KWH KWH  KwWH KWH | KWH . KWH
AHU-3 SF ; 79 56 26,775 9450 9450° 19,125, 6,750 6,750
AHU-3 RF 39 28 13,388 4725 4725. 95631 3375 3,375
FC-5 3 2. 1 718 277 277 513. 198 198

10,323

29,201

TOTALS 14,452

Electric Cost = $7,300

Non- Summer:

KW $792 120 kw/yr * $6.60/kw
Off-peak KWH $1,513 40,881 kwh/yr * $0.037/kwh
Intermediate KWH $665 14,452 kwh/yr * $0.046/kwh
On- peak KWH $766 14,452 kwh/yr * $0.053/kwh
Summer:
KW $1,453 85 kw/yr * $17.09/kw
Off-peak KWH $993 29,201 kwh/yr * $0.034/kwh
Intermediate KWH $485 10,323 kwh/yr * $0.047/kwh
On- peak KWH $640 10,323 kwh/yr * $0.062/kwh
Totals $7,306
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ECO-4
PROPOSED ENERGY USAGE TABLE

NON-SUMMER SUMMER

NON- | . OFF- | ON- OFF- | . ON-

SUMMER SUMMER| PEAK | INTER.  PEAK  PEAK -~ INTER. | PEAK

DESCRIPTION KW . KW | KWH | KWH KWH KWH | KWH KWH
AHU-3 SF 79! 56, 3150 5250 9450 2250 3,750 6,750
AHU-3 RF 39 28 1575, 2625 4,725 1,125 1,125, 3375
FC-5 2 1 718 277 277 513 198 198
EXHAUST FAN 1 1 252 112 112 180 80 80
TOTALS ‘ 86 5605' 8,264 5153 10,403

Electric Cost =

Non- Summer:

Summer:

KW

Off-peak KWH
Intermediate KWH
On- peak KWH

KW

Off-peak KWH
Intermediate KWH
On- peak KWH

Totals

6-27

$4,700

$797
$211
$380
$772

$1,470
$138
$242
$645

$4,655

121
5,695
8,264

14,564

86
4,068
5,153

10,403

kwiyr * $6.60/kw

kwh/yr * $0.037/kwh
kwh/yr * $0.046/kwh
kwh/yr * $0.053/kwh

kw/yr * $17.09/kw

kwh/yr * $0.034/kwh
kwh/yr * $0.047/kwh
kwh/yr * $0.062/kwh




ECO-4

SECURITY ROOM AC RENOVATIONS

MATERIAL LABOR LINE
4 DESCRIPTION QUAN. | UNITS | $/UNIT TOTAL S/UNIT TOTAL TOTAL #
1 MECHANICAL 1
2|lEXHAUST FAN HILS $200 $200 3200 $200 $400 2
3IDUCTWORK & ACCESSORIES 1]LS $600 $600 $1,000 $1.000 $1.600 3
4|JELECTRICAL 1{LS $600 $600 $600 $600 $1,200 4
SJCONTROLS 1{LS $300 $300 $1,000 $1,000 $1,300 5
6]DEMOLITION LS $0 $0 $600 $600 $600] 6
7 30 $0 $0 7
8 $0 $0 $0] 38
9 30 $0 $0 %
10 $0 $0 $0§ 10
11 30 $0 04 11
12 $0 $0 0] 12
13 e $0 $0 so] 13
14 $0 $0 o] 14
13 30 $0 $0] 15
16 $0 $0 $0}] 16
17 $0 $0 $of 17
18 B $0 $0 so] 18
19 _ $0 $0 $0] 19
20 . $0 $0 $0] 20
21 s $0 $0 so] 21
2 N $0 $0 $0] 22
23 L $0 $0 so] 23
24 ] $0 $0 $0] 24
25 $0 $0 0] 25
26 30 $0 0] 26
27 B $0 $0 so] 27
28 $0 30 $o) 28
29 %0 $0 $0f 29
30 30 $0 $0; 30
31 ~ $0 $0 so] 31
32 _ $0 $0 $0] 32
33 $0 $0 $0] 33
34 $0 $0 $0} 34
35 $0 $0 $0} 35
36 $0 $0 $0] 36
37 $0 $0 $0f 37
38 $0 $0 $0] 38
39 $0 $0 o) 39
40 $0 $0 $0] 40
41 $0 $0 $0] 41
42 $0 $0 S0 42
43 %0 $0 $0] 43
44 $0 $0 $0] 44
45 30 30 $oy 45
46 $0 30 $0] 46
47 $0 $0 so] 47
48 30 $0 50§ 48
49 $0 $0 $0] 49
50 $0 $0 $0] so
51 30 $0 $0] 51
52 $0 $0 $0] 52
33 $0 $0 $0f 53
54 $0 $0 $0] 54
35]CONTINGENCY 20% $340 $580 $920] 55
56 %0 $0 $0] 56
37 57
TOTALS>>>>>>>> $2,000 $4,000 $6,000

G:\PROJECTS\4130.04\SS\CESECACR . WK1

ENTECH ENGINEERING INC.
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ECO-4A

Shutdown Chillers During Winter & Summer Unoccupied Periods

Existing.

Proposed.

Implementation of ECO #4 is required before this ECO can be
implemented. During the months of December through March, it
is necessary to operate the central chilled water system to keep
selected areas of the building cool. In the intermediate and
summer months, these chillers also operate during unoccupied time
periods to cool these same areas. Typically these areas are
computer rooms and areas using fan coil units. The total cost to
operate the central chilled water system during the entire year as
calculated in the electric model is $75,400 (from the electric
model).

Off-Peak kWh = 595,131 kWh
Intermediate kWh = 247,768 kWh
On—Peak kWh = 290,014 kWh
Summer kW = 1,226 kW
Non-Summer kW = 754 kW

Refer to attached Existing Energy Usage Table for a more detailed
breakdown of operating costs.

Shut down the central chilled water system during the winter
months by installing a 30 ton air cooled chiller. The 30 ton unit
will provide cooling for the computer rooms and fan coil units year
round. Installation of this new unit will enable the central chilled
water system to shut-down from December through March. In
addition, during the months of April through November, the central
chilled water system will be shut-down in the unoccupied time
periods. Also the outdoor air dampers on the air handlers will need
to be modulated closed to eliminate the outdoor air cooling load.
The Energy Monitoring and Control System (EMCS) will be
modified so as to shutdown the chillers and close the outdoor air

Entech Engineering, Inc.
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Construction
Cost.

Savings.

dampers in the summer unoccupied periods. The expected annual
cost to operate the central chilled water system and the new 30 ton
chiller is $55,600.

Off-Peak kWh = 177,608 kWh
Intermediate kWh = 174,868 kWh
On-peak kWh = 255,994 kWh
Summer kW = 1,273 kW
Non-Summer kW = 640 kW

Refer to attached Proposed Energy Usage Table for a more detailed
breakdown of operating costs.

The expected construction cost for this project is $77,000
(reference attached cost estimate).

Material $37,000
Labor $33,000
Engineering $ 7,000

The annual cost savings resulting from implementation of this
project will be $19,800 ($75,400 - $55,600).

Off-Peak kWh = 417,523 kWh (595,131 kWh - 177,608
kWh)

Intermediate kWh = 72,900 kWh (247,768 kWh - 174,868
kWh)

On-Peak kWh = 34,070 kWh (290,014 kWh - 255,944
kWh)

Summer kW = -47 kW (1,226 kW - 1,273 kW)

Entech Engineering, Inc.
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Discussion.

Non-Summer kW = 114 kW (754 kKW - 640 kW)

Energy Usage = 1,790 mmBtu ((417,523 kWh + 72,900
kWh + 34,070 kWh) x 3,413 Btw/kWh) +
1,000,000 Btu/mmBtu

Btw/sf = 7.353 Btwsf((417,523 kWh + 72,900
kWh + 34,070 kWh) x 3,413 BuwkWh) +
243,450 sf)

The expected payback resulting from the implementation of this
project is 3.9 years ($77,000+$19,800). There is no additional
monetary savings due to reduced maintenance.

Entech Engineering, Inc.
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ECO-4A
EXISTING ENERGY USAGE TABLE

i . NON-SUMMER SUMMER
| NON- ~ OFF- "~ ON- OFF- ON-
'SUMMER  SUMMER, PEAK | INTER. = PEAK  PEAK INTER | PEAK
| DESCRIPTION KW KW | KWH KWH KWH KWH KWH KWH
3 CHILLER CH-2 476 | 955' 149,057 52,224 76,563 272,294 123,193 135,406
| CHW PUMP P-3 : 59 42 22344 8624 8624 15960 6,160 6,160
CW PUMP P-5 79 56 29,925/ 11,550 11,550 21,375 8250 8,250
CLG TOWER 93" 156 6,265 3,486 5030 50,049° 24,900 29,050
TOWER PAN HTRS 22 0' 12264 3360 3,360 0 0 0
| FAN COIL UNITS (5) 15 10. 5407 2,087 2,087 3,863 1,491, 1,491
A/C UNITS (2) 10 7. 3691, 1425 1425 2,637° 1,018, 1,018
TOTALS 1226 228,953: 82,756 108,639 366,178 165012 181,375

Electric Cost =

Non- Summer:

Summer:

KW

Off-peak KWH
Intermediate KWH
On- peak KWH

KW

Off-peak KWH
Intermediate KWH
On- peak KWH

Totals

$75,400

$4,975
$8,471
$3,807
$5,758

$20,952
$12,450

$7,756
$11,245

$75,414
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754
228,953
82,756
108,639

1,226
366,178
165,012
181,375

kwlyr * $6.60/kw

kwh/yr * $0.037/kwh
kwh/yr * $0.046/kwh
kwh/yr * $0.053/kwh

kw/yr * $17.09/kw

kwh/yr * $0.034/kwh
kwhiyr * $0.047/kwh
kwh/yr * $0.062/kwh




ECO-4A
PROPOSED ENERGY USAGE TABLE

; | NON-SUMMER SUMMER
; ~ NON- ~ OFF- | ON- OFF- | ~ ON-
‘SUMMER:SUMMER' PEAK | INTER. PEAK  PEAK j INTER. | PEAK
DESCRIPTION KW KW KWH | KWH KWH KWH | KWH KWH
‘ CHILLER CH-2 : 306 ; 811, 22347, 22920 34380 57,300 76,400 116,460
! CHW PUMP P-3 % 16 49 12100 1,210 1,814 3024 3360 6,160
CW PUMP P-5 I 21 6. 1620, 1620 2,430 4050 4500° 8250
CLG TOWER 57 183 3735 2490 2490 12,450 16,800 29,050
TOWER PANHTR 11 0i 6132 1680 1,680 0! 0! 0
'FAN COIL UNITS FAN MTR. 15 11, 1176 1,960 1,960 840 1,400 1,400
i AICUNITSFANMTR ! 10 7, 3990 1,862 1,862 2,850, 1,330 1,330
NEW CHILLER | 202" 144, 32176 21,448 26810 22,980 15320 19,150
E NEW PUMP 1,008 448 448 720 320 320
i TOTALS 73394 55638 73874 104214 119,230 182,120

Electric Cost = $55,600

Non- Summer:

KW $4,223 640 kwiyr * $6.60/kw
Off-peak KWH $2,716 73,394 kwh/yr* $0.037/kwh
Intermediate KWH $2,559 55,638 kwh/yr * $0.046/kwh
On- peak KWH $3,915 73,874 kwh/yr * $0.053/kwh
Summer:
KW _ $21,747 1,273 kwlyr * $17.09/kw
Off-peak KWH $3,543 104,214 kwh/yr * $0.034/kwh
Intermediate KWH $5,604 119,230 kwh/yr* $0.047/kwh
On- peak KWH $11,291 182,120 kwh/yr * $0.062/kwh
Totals $55,599

AIR CONDITIONS:
Average Summer - 75 db/ 70 wb = Enthalpy of 34.1 btu/lb
Indoor Air - 75 db/ 50% RH = Enthalpy of 28.2 btu/lb
Supply Air - 55 db = Enthalpy of 23.6 btu/lb

CURRENT COOLING LOAD:
Outdoor Air = (49,000 cfm x (34.1-23.6) x 4.5)/12,000 = 193 Tons
Return Air = (114,000 cfm x (28.2-23.6) x 4.5)/12,000 = 197 Tons
Total = 390 Tons

PROPOSED COOLING LOAD:
Qutdoor Air = (25,000 cfm x (34.1-23.6) x 4.5)/12,000 = 98 Tons
Return Air = (138,000 cfm x (28.2-23.6) x 4.5)/12,000 = 238 Tons
Total = 336 Tons

PERCENT REDUCTION: ,
336 Tons/390 Tons = 0.86  Therefor Reduce Electric Demand and Usage by 14%
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ECO-4A
PROVIDE SMALL CHILLER FOR WINTER COOLING REQUIREMENTS

. MATERIAL LABOR LINE
rl # DESCRIPTION QUAN. | UNITS $/UNIT TOTAL S/UNIT TOTAL | TOTAL #

’ 1 MECHANICAL 1
2JCHILLER 1{lEA $20,000 $20,000 $5,000 $5,000 $25,000 2
3JPIPING & ACCESSORIES 1ILS $6,000 $6.000 $10,000 $10,000 $16,000 3

. 4] CONNECT TO EXIST. EQUIP. 1]LS $700 $700 $2,000 $2,000 $2,700 4

; S|ELECTRICAL 1JLS $1,500 $1,500 $3,000 $3,000 $4,500 5

| 6JCONTROLS 1{LS $2.,000 $2,000 $5,000 $5,000 $7,000 6

i 7|RIG & SET 1{LS $500 $500 $2,000 $2,000 $2,500 7

! 8| DEMOLITION 1{LS $300 $300 $700 $700 $1,000 8

9 9

: 10 10§
11 11
12 12

1 13 13

] 14 14

1 15 15
16 16
17 17
18 18

] 19 19

‘ 20 20

i 21 21

22 22
23 23
24 24

i 25 25

i 26 26

1 27 27

| 28 28

LI N
N0
W [N
< |\O

N T 31
|1 32 32
P33 33
' 3 34
35 35
1 36 36
A 37 37
1 38 38
N BED 39
140 40
41 41
42 42
43 43
44 44
43 45
16 46
47 47
43 48
19 49
50 50
51 51
52 52
53|CONTINGENCY 20% $6,200 $5,540 $11,740f 53
54 54
il 55 55
TOTALS>>>>>>>> $37,000 $33,000 $70,000

G:\PROJECTS\4130.0\SS\CEWINCHL. WK1
ENTECH ENGINEERING INC.
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Existing.

Proposed.

ECO-5
Electric Cooking Equipment To Natural Gas

Presently Marshall Hall utilizes some electric cooking equipment
in its food preparation facilities. The equipment is used during the
day to assist in producing an average of 300 meals, 5 days per
week. Energy costs for each piece of equipment have been
calculated in the electric model and are shown in detail on the
following page. The equipment has an annual electric demand of
535 kW and a usage of 125,122 kWh. Annual electric cost is
$11,400.

Off-Peak kWh = 45,648 kWh
Intermediate kWh = 59,064 kWh
On-Peak kWh = 20,410 kWh
Summer kW = 223 kW
Non-Summer kW = 312 kW

Replace the existing electric cooking equipment with equivalent
sized natural gas units. Additional natural gas lines will need to be
installed in the kitchen and the existing gas service will require
upgrading. The proposed retrofit will have an annual natural gas
consumption of 638 mcf (based on 65% eff.). This quantity will
yield an annual gas cost of $5,000.

# Description mcf $
1 | Griddle 127 $994
1 | Fryers 121 $947
‘1 | Char Broiler 106 $830
2 | Coffee Um 284 $2,224
Totals 638 $5,000

Entech Engineering, Inc.
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Construction.
Cost.

Savings.

Gas Usage =

Gas Cost =

638 mef (125,122 kWh x 3,413 Btw/kWh + 65%
eff + 1,030,000 Btu/mcf) =

$5,800 (638 mcf/yr x $7.83/mcf = $4,996 use
$5,000)

The expected construction cost is for this project is $25,000.
(Reference attached cost estimate).

Material
Labor
Engineering

$ 15,000
$ 7,000
$ 3,000

The expected savings for this ECO are about $6,400 ($11,400 -

$5,000).

Off-Peak kWh

 Intermediate kWh

On-Peak kWh
Summer kW
Non-Summer kW
Gas Usage

Energy Usage

Btu/sf

Entech Engineering, Inc.
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45,648 kWh (45,648 kWh - 0 kWh)
59,064 kWh (59,064 kWh - 0 kWh)
20,410 kWh (20,410 kWh - 0 kWh)

223 kW (223 kW - 0 kW)

312kW (312 kW - 0 kW)

-638 mcf (0 mcf - 638 mcf)

-230 mmBtu (((45,648 kWh + 59,064
kWh + 20,410 kWh) x 3,413 Btw/kWh) -
638 mcf x 1,030,000 Btu/mcf) +
1,000,000 Btu/mmBtu

-945 Btu/sf (((45,648 kWh + 59,064 kWh

+ 20,410 kWh) x 3,413 Btu/kWh) - 638
mcf x 1,030,000 Btu/mcf) + 243,450 sf




Discussion.

The payback for this ECO is 3.9 years ($25,000+-$6,400). Revenue
from resale of existing kitchen equipment has not been included in
the above calculations. There is no additional monetary savings
due to reduced maintenance.

Entech Engineering, Inc.
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ECO-5
ELECTRIC COOKING TO NATURAL GAS ECO
EXISTING ENERGY USAGE AND COST

i I NON-SUMMER SUMMER
NON- | - OFF-  ON- OFF- | ON-
SUMMER | SUMMER | PEAK INTER. PEAK PEAK ‘ INTER. : PEAK
DESCRIPTION KW KW | KWH KWH KWH KWH | KWH = KWH
Griddle 59 42 5,040 6,720 3,000 3,600 4,800 1,800
Fryer 56 40: 4,788 : 6,384 2,850 - 3,420 : 4,560 1,710
Char Broiler 491 351 4200 5,600 2,500 3,000 4,000 1,500
Coffee Maker 74 531 6,300 7,500 | 1,050 4500 6,000 750
Coffee Maker 74 53 6,300 7,500 | 3,750 4,500 | 6,000 1,500
! i f : ‘
TOTALS 312, 223: 26628 33704 13,150 19,020: 25,360° 7,260
Electric Cost = $11,392
Non- Summer:
KW $2,059 312 kwiyr * $6.60/kw
Off-peak KWH $985 26,628 kwh/yr * $0.037/kwh
Intermediate KWH $1,550 33,704 kwhlyr * $0.046/kwh
On- peak KWH $697 13,150 kwh/yr * $0.053/kwh
. Summer:
KW $3,811 223 kwlyr * $17.09/kw
Off-peak KWH $647 19,020 kwh/yr * $0.034/kwh
Intermediate KWH $1,192 25,360 kwh/yr* $0.047/kwh
On- peak KWH $450 7,260 kwh/yr * $0.062/kwh
Totals $11,392
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b DESCRIPTION

ECO-5

ELECTRIC COOKING EQUIPMENT TO NATURAL GAS

MATERIAL LABOR LINE
QUAN. | UNITS | S/UNIT TOTAL S/UNIT TOTAL TOTAL | #

1 1

2|GRIDDLE 1{EA $2,600 $2,600 $500 $500 $3.100] 2

3|FRYER 1JEA $2,800 $2,800 $500 $500 $3300] 3

4|CHAR BROILER 1[EA $2.600 $2.600 $500 $500 $3,100] 4

5|COFFE MAKER 2[EA $1,500 $3,000 $500 $1,000 s4,000] s

6| DEMOLITION 1JLot $0 $1,000 $1,000 $1,000] 6

7|NATURAL GAS CONNECTIONS 1jLoT $500 $500 $1,000 $1,000 $1.500] 7

8]GAS PIPING 1" DIA. 100JLF $5 $500 7 $700 $1200] 8

9|ELECTRIC CONNECTIONS 1JLoT $500 $500 $800 $800 $1300] 9

10 $0 $0 sof 10
11 $0 $0 so] 1
12 $0 $0 sof 12
13 30 $0 so] 13
14 $0 $0 so] 14
15 $0 $0 sof 15
16 50 $0 so| 16
17 $0 $0 so| 17
18 $0 $0 so| 18
19 $0 $0 so] 19
20 $0 $0 sof 20
21 50 $0 so] 21
2 1 $0 $0 so] 22
23 - $0 $0 so| 23
24 B $0 $0 so] 24
25 $0 $0 sof 25
26 . $0 $0 so] 26
27 $0 $0 so] 27
28 $0 $0 so| 28
29 $0 $0 so] 29
30 $0 $0 s0] 30
I $0 $0 so] 31

$0 $0 so] 32

33 $0 $0 so| 33
34 B $0 $0 so] 34
35 $0 $0 so] 35
36 $0 $0 so] 36
37 $0 $0 so] 37
38 $0 30 so] 33
39 50 $0 so] 39
40 $0 $0 sof 40
41 $0 $0 so] 41
42 $0 50 so] 42
43 1 $0 $0 so] 43
44 $0 $0 so] 44
45 $0 $0 sof 45
46 $0 30 so] 46
47 $0 $0 so] 47
48 $0 $0 so] 48
49 $0 $0 so] 49
50 $0 $0 so] 5o
51 $0 $0 so] s
52 $0 $0 so] 52
53 $0 $0 so] 53
54| CONTINGENCY $2,500 $1,200 $3,700] 54
55 $0 %0 so] ss
56 56

TOTALS>>>>>>>> $15,000 $7,000 $22,000

G:\PROJECTS\4130.04\SS\CEKITEQP.WK1

~ ENTECH ENGINEERING INC.
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Proposed.

Reduce building HVAC systems outdoor air quantities to a level of
approximately 15% of the total building supply air. This reduction
will yield a new outside air quantity of 28,000 CFM. This new
quantity will still exceed code required ventilation rates. In
addition, building exhaust air quantities will also be reduced by
throttling back exhaust fan air flow utilizing dampers, resheaving
fans or replacing fans. In some areas present exhaust systems can
be eliminated altogether. Some areas such as the photographic
room no longer have the need for exhaust fans. These areas should
have the exhaust fans shut off.

Building operation diversity will account for a portion of outdoor
air reduction. The present building system incorporates three (3)
fans, each approximately 12,000 CFM, which operate in response
to an increase in space pressurization. Space pressurization
fluctuates with systems which operate from local switching or a
space thermostats.

Reducing outside air quantities, a potential energy savings exists
from cooling and heating load reductions. Total reduction in
outdoor air approximately 28,000 CFM, will reduce chiller energy
usage and demand by 11% as calculated on the following page. In
addition, reducing outside air quantities during the space heating
season will lower gas usage while overall energy cost for these
areas will be $35,400. Reference attached table for detailed
calculations. No heating savings have been accounted for in this
ECO. This is primarily due to the fact that the existing
economizers will be utilized during the winter to provide the
required 55 °F leaving air temperature.

Off-Peak kWh = 242,342 kWh (272,294 kWh x 89%)
Intermediate kWh = 109,642 kWh (123,193 kWh x 89%)
On-PeakkWh = 120,511 kWh (135,406 kWh x 89%)

Summer kW = 850 kW (945 kW x 89%)

Entech Engineering, Inc.
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Construction
Cost.

Savings.

Discussion.

Electric Cost = $35,400 (850 kW x $17.09/kW + 242,342
kWh x $0.034/kWh + 109,642 kWh x
$0.047/kWh + 120,511 kWh x
$0.062/kWh = $35,391, use $35,400)

The expected construction cost for this project is $16,000
(Reference attached cost estimate).

Material $ 4,000
Labor $ 11,000
Engineering $ 1,000

The annual cost savings resulting from the implementation of this
project will be $4,400 ($39,800 - $35,400).

Off-Peak kWh = 29,952 kWh (272,294 kWh - 242,342
kWh)

Intermediate kWh = 13,551 kWh (123,193 kWh - 109,642
kWh)

On-Peak kWh = 14,895 kWh (135,406 kWh - 120,511
kWh)

Summer kW = 105 kW (955 kW - 850 kW)

Energy Usage = 199 mmBtu ((29,952 kWh + 13,551 kWh

+ 14,895 kWh) x 3,413 BtwkWh)) +
1,000,000 Btw/mmBtu

Btu/sf = 818 Btu/sf ((29,952 kWh + 13,551 kWh
+ 14,895 kWh) x 3,413 Btuw/kWh)) +
243,450 sf

The expected payback resulting from the implementation of this
project is 3.6 years ($16,000-$4,400).

Entech Engineering, Inc.
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ECO-6
EXISTING ENERGY USAGE TABLE

NON-SUMMER | , SUMMER

NON- OFF- ~ ON- OFF- | ON-

SUMMER |[SUMMER PEAK INTER. PEAK , PEAK | INTER. | PEAK

DESCRIPTION L Kw KW | KWH KWH . KWH | KWH | KWH ° KWH
CHILLER CH-2 955 272,294 | 123,193 135,406

0 272,294 123,193: 135408

TOTALS

Electric Cost = $39,800

Non- Summer:

KW $0 0 kwiyr * $6.607kw
Off-peak KWH $0 0 kwh/yr * $0.037/kwh
Intermediate KWH $0 0 kwh/yr * $0.046/kwh
On- peak KWH $0 0 kwh/yr * $0.053/kwh
Summer:
KW $16,321 955 kwlyr * $17.09/kw
Off-peak KWH $9,258 272,294 kwh/yr * $0.034/kwh
Intermediate KWH $5,790 123,193 kwh/yr * $0.047/kwh
On- peak KWH $8,395 135,406 kwh/yr * $0.062/kwh
Totals $39,764
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ECO-6
PROPOSED ENERGY USAGE TABLE

; ‘ NON-SUMMER | SUMMER
| NON- | ~ OFF- | ON-  OFF- | ON-
|SUMMER|SUMMER: PEAK | INTER. PEAK = PEAK | INTER. = PEAK

DESCRIPTION | KW KW | KWH | KWH  KWH  KWH | KWH | KwH

CHILLER CH-2 | j 850

120,511

242,342 109,642

TOTALS 0 242,342° 109,642

Electric Cost = $35,400

Non- Summer:
Kw 30 0 kwl/yr * $6.60/kw
Off-peak KWH $0 0 kwh/yr * $0.037/kwh
Intermediate KWH $0 0 kwhiyr * $0.046/kwh
On- peak KWH $0 0 kwh/yr * $0.053/kwh

Summer:
KW $14,527 850 kw/yr * $17.09/kw
Off-peak KWH $8,240 242,342 kwh/yr * $0.034/kwh
Intermediate KWH $5,153 109,642 kwh/yr * $0.047/kwh
On- peak KWH $7,472 120,511 kwh/yr * $0.062/kwh
Totals $35,391

AIR CONDITIONS:
Average Summer - 75 db/ 70 wb = Enthalpy of 34.1 btu/lb
Indoor Air - 75 db/ 50% RH = Enthalpy of 28.2 btu/lb
Supply Air - 55 db = Enthalpy of 23.6 btu/lb

CURRENT COOLING LOAD:
Outdoor Air = (49,000 cfm x (34.1-23.6) x 4.5)/12,000 = 193 Tons
Return Air = (133,000 cfm x (28.2-23.6) x 4.5)/12,000 = 229 Tons
Total = 422 Tons

PROPOSED COOLING LOAD:
Qutdoor Air = (28,000 cfm x (34.1-23.6) x 4.5)/12,000 = 110 Tons
Return Air = (154,000 cfm x (28.2-23.6) x 4.5)/12,000 = 266 Tons
Total = 376 Tons

PERCENT REDUCTION:
376 Tons/422 Tons = 0.89 Therefore Reduce Electric Demand and Usage by 11%

6-44
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ECO-6

REDUCE BUILDING HVAC OUTDOOR AIR REQUIREMENTS

] MATERIAL LABOR LINE
. 4 DESCRIPTION ouaN. | units [ S/ONIT TOTAL STUNIT TOTAL totaL | #
1 MECHANICAL 1
2| THROTTLE BACK FANS sfEA $50 $400 $200 $1,600 $2.000] 2
3|RESHEAVE FANS 8|EA $100 $800 s200] , $1,600 s2400] 3
4|REPLACE FANS 4|EA $500 $2,000 $200 $800 $2.800] 4
S|TEST & BALANCE 20]EA $0 $200 $4.000 sao00] s
6|DEMOLITION a|Ea $0 $200 $800 ) G
7 $0 $0 % K
8 $0 $0 so] s
9 $0 $0 sol o
10 $0 $0 so]l 10
11 $0 $0 sol 11
12 $0 $0 so] 12
13 $0 $0 sol 13
14 $0 $0 sol 14
15 30 $0 sof 15
16 $0 $0 sol 16
17 $0 $0 so] 17
18 $0 $0 so] 18
19 50 $0 sol 19
20 $0 $0 sol 20
21 $0 $0 sol 21
2 $0 $0 sof 22
3 $0 $0 so] 23
24 $0 $0 so| 24
25 $0 $0 so] 25
26 50 $0 so] 26
27 $0 $0 so] 27
28 $0 50 so] 28
29 $0 $0 so] 29
130 $0 $0 so]l 30
31 $0 30 sof 31
| = $0 $0 sof 32
i EE $0 $0 so| 33
| 34 $0 $0 o] 34
35 $0 50 so| 35
36 50 $0 so]l 36
37 50 $0 so] 37
38 $0 $0 so 38
39 $0 $0 sol 39
40 $0 $0 so| 40
1 $0 $0 sol 41
2 $0 $0 sol 42
3 $0 $0 so] 43
4 $0 $0 so] a4
IE; $0 $0 so] 45
16 $0 $0 so] 46
47 $0 $0 so]l 47
18 $0 $0 so| 48
19 $0 $0 so] 2o
50 $0 $0 sol so
51 $0 $0 sof s
52 $0 $0 so] s2
53 $0 $0 so] 53
54 $0 $0 so] s4
55|CONTINGENCY 20% $640 $1.760 52.400] 55
36 $0 $0 so] s6
57 57
TOTALS>>>>>>>> $4,000 $11,000 $15,000
G:\PROJECTS\4130.04\SS\CEREDOA WK1
ENTECH ENGINEERING INC. 24-Aug-95
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Existing.

Proposed.

Construction
Cost.

ECO-7
Replace Electric Dishwasher Booster Heater

A 45 kW, electric booster heater increases water temperature to the
dishwasher from 140° to 180°F. From the Electric Model, the
annual demand and usage for the water heater is estimated to be
379 kW and 51,300 kWh. The annual operating cost is $6,700.

Off-Peak kWh = 8,100 kWh
Intermediate kWh = 21,600 kWh
On-Peak kWh = 21,600 kWh
Summer kW = 221 kW
Non-Summer kW = 158 kW

Disconnect and remove the existing electric booster heater and
install a new a gas-fired domestic hot water generator. The new
water heater will be located in the same mechanical room as the
existing gas-fired domestic hot water heater. In addition, new gas
lines and hot water piping to the kitchen will need to be installed.
The new water heater will have an annual gas usage of 212 mcf
and an annual cost energy cost of approximately $1,700.

Gas Usage = 212 mcf/yr ((51,300 kWh x 3,413
BtwkWh) + (80% x 1,030,000 Btu/mcf))

Gas Cost = $1,700 (212 mcf/yr x $7.83/mcf =
$1,659, use $1,700)

The expected construction cost for this project is $20,000.
(reference attached cost estimate).

Material $9,000
Labor $ 9,000
Engineering $ 2,000

Entech Engineering, Inc.
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Savings.

Discussion.

The annual cost savings resulting from the implementation of this
project will be $5,000 ($6,700 - $1,700).

Off-Peak kWh = 8,100 kWh ((4,725 KWh + 3,375 kWh) -
0 kWh)

Intermediate kWh = 21,600 kWh ((12,600 kWh + 9,000 kWh)
- 0 kWh)

On-Peak kWh = 21,600 kWh ((12,600 kWh + 9,000 kWh)
- 0 kWh)

Summer kW = 158 kW (158 kW - 0 kW)

Non-Summer kW = 221 kW (221 kW - 0 kW)

Gas Usage = -212 mcf (0 mef - 212 mcf)

Energy Usage = -44 mmBtu [(((8,100 kWh +21,600 kWh

+ 21,600 kWh) x 3,413 Btu/kWh) - (212
mcf x 1,030,000 Btu/mcf)) + 1,000,000
Btu/mmBtu]

Btu/sf = -178 Btw/sf[(((8,100 kWh +21,600 kWh
+21,600 kWh) x 3,413 Btuw/kWh) - (212
mef x 1,030,000 Btu/mcf)) + 243,450 sf]

The expected payback resulting from the implementation of this
project is 4.0 years ($20,000+$5,000). There is no additional
monetary savings due to reduced maintenance.

Entech Engineering, Inc.
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| ECO-7
1 KITCHEN HOT WATER HEATER TO GAS

‘[ MATERIAL LABOR LINE
‘ # DESCRIPTION QUAN. | UNITS S/UNIT TOTAL $/UNIT TOTAL TOTAL #
1 1
2|DEMOLITION OF ELEC HEATER 1|Ea $0 $0 $500 $500 $500f 2
3|GAS HW HEATER 100 GAL STORAGE 1}EA $4,000 $4,000 $2,000 $2,000 $6,000] 3
4|GAS PIPE 1" 50JLF $3 $150 $9 $450 s600] 4
5|GAS FLUE 6" 15|LF $40 $600 $30 $450 s1.050] s
6|ROOF OPENING 1|Ea $200 $200 $300 $300 $s500] 6
7|CONCRETE PAD 1JEA $100 $100 $100 $100 s200] 7
8|HOT WATER PIPE 1" 200JLF $4 $800 $9 $1,800 $2,600] 8
9}JELECTRICAL REQUIREMENTS 1jLot $1,500 $1,500 $1,500 $1,500 $3,000] 9
10 $0 $0 $0f 10
11 $0 $0 sol 11
12 $0 $0 o] 12
13 $0 $0 so] 13
14 $0 $0 sof 14
15 $0 $0 s0f 15
16 $0 $0 sof 16
i $0 $0 so] 17
18 $0 $0 sol 13
; 19 $0 $0 so] 19
20 $0 $0 so] 20
21 $0 $0 so] 21
il 2 $0 $0 sof 22
23 $0 $0 s0f 23
| 24 $0 $0 $0] 24
1 2 $0 $0 sof 25
1 26 $0 $0 so] 26
2 $0 30 sol 27
| 28 $0 $0 so] 28
. 29 $0 50 so| 29
30 $0 $0 so] 30
31 $0 $0 s0] 31
32 $0 $0 sof 32
33 $0 $0 sof 33
34 $0 $0 s0] 34
33 $0 $0 so] 35
36 $0 $0 so] 36
37 $0 $0 so] 37
38 $0 $0 s0] 38
39 $0 $0 sof 39
40 $0 $0 sof 40
41 $0 $0 so] 41
N $0 $0 so]l 42
N $0 $0 so] 43
|44 $0 $0 so] 44
s $0 $0 $0] 45
a6 $0 $0 so] 46
' 47 $0 $0 sof 47
48 $0 $0 sof 48
[T 49 $0 $0 so] 49
S $0 $0 so] so
R $0 $0 so] 51
il 52 $0 $0 so] 52
il 53 $0 $0 $0] 53
N $0 $0 $0] 54
' |__55]CONTINGENCY $1,650 $1,900 $3,550f 55
ss $0 $0 sof 56
Hos7 57
J TOTALS>>>>>>>> $9,000 $9,000 $18,000
! G:\PROJECTS\4130.04\SS\CEHWHKIT. WK 1
ENTECH ENGINEERING INC. 24-Aug-95
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Existing.

ECO-8
100 HPS Loading Dock Luminaires

Presently, Marshall Hall utilizes approximately (28) 175 watt
recessed mercury vapor luminaires in the first floor loading dock.
The current lamps have an initial lumen rating of 14,000 and a
maintained level of 10,000. From the attached sheet, the annual
electric demand for this area is 65 kW and usage is 49,228 kWh.
These quantities produce an annual cost of $2,800. All quantities
have been developed from the Light Model and are calculated in
the attachment. The table below summarizes the estimates.

Season

Demand

Off-Peak | Intermediate On-Peak Cost
kW kWh kWh kWh $

Non-Summer

38 15,042 6,837 6,837 $1,480

Summer

27 10,744 4,884 4,884 $1,360

Totals

65 25,786 11,721 11,721 $2,800

Proposed.

Remove the existing luminaires and install new recessed 100 watt
HPS luminaires. The new 100 watt HPS lamps will provide an
initial lumen output of 9,500 and maintained level of 8,500 lumens
(15% decrease). Replacement luminaires will be capable of being
housed in the same location with minor alterations. The retrofit is
expected to lower annual electric demand to 36 kW and electric
usage to 28,130 kWh based upon the reduced wattage of lamp
used. Annual energy cost will be lowered to $1,600.

Season

Demand

Off-Peak [ Intermediate On-Peak Cost
kW kWh kWh kWh $

Non-Summer

21 8,595 3,907 3,907 $840

Summer

15 6,139 2,791 2,791 $770

Totals

36 14,734 6,698 6,698 $1,600

Entech Engineering, Inc.
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Construction
Cost.

Savings.

Discussion.

The expected construction cost this project will be $6,500.
(reference attached cost estimate).

Material $ 4,200
Labor $ 1,700
Engineering $ 600

The annual cost savings resulting from the implementation of this
project will be $1,200 ($2,300 - $1,600).

Off-Peak kWh = 11,052 kWh/yr (25,786 kWh/yr - 14,734
kWh/yr)

Intermediate kWh = 5,023 kWh/yr (11,721 kWh/yr - 6,698
kWh/yr)

On-Peak kWh = 5,023 kWh/yr (11,721 kWh/yr - 6,698
kWh/yr)

Non-Summer kW = 18 kW/yr (38 kW/yr - 21 kW/yr)

Summer kW = 13 kW/yr (27 kW/yr - 15 kW/yr)

Energy Usage = 72 mmBtu/yr ((11,052 kWh + 5,023 kWh

+ 5,023 kWh) x 3,413 BtwkWh) +
1,000,000 Btu/mmBtu

Btu/sf = 296 Btu/sf((11,052 kWh + 5,023 kWh +
5,023 kWh) x 3,413 BtwkWh) + 243,450
sf)

The expected payback resulting from the implementation of this
project is 5.4 years ($6,500 + $1,200). Illumination levels are
expected to decrease by approximately 15% from current levels.
However, it felt that the decrease will not impede any activities
which will occur in the space. Ft. McNair personnel also concur
with this assessment. There will be no additional monetary savings
due to reduced maintenance.

Entech Engineering, Inc.
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Existing.

ECO-9
4' T-8 Lamp Retrofit

Presently, Marshall Hall utilizes approximately 3,083 fluorescent
luminaires containing 7,458 lamps and 4,112 ballasts in areas
which are substantially occupied. The luminaires range from
single to quad lamped and basically utilize 40 watt, cool white
lamps with standard energy efficient magnetic ballasts. From the
attached sheets, the annual electric demand for these areas is 3,904
kW and usage is 1,000,983 kWh. Annual costs for the existing
lights are $93,800. All quantities have been developed from the
Light Model and are calculated in the attachment. The table below
summarizes the estimates.

Season

Demand
kW

Off-Peak
kWh

Intermediate
kWh

On-Peak
kWh

Cost
$

Non-Summer

2,277

59,999

210,278

313,630

$43,540

Summer

1,627

42,871

150,186

224,019

$50,210

Totals

3,904

102,870

360,464

537,649

$93,800

Proposed.

Remove the existing lamps and ballasts and install new Sylvania
Octron (or equivalent) T-8 lighting system with electronic ballasts.
The average electrical use per lamp will vary from 28 watts for a
four lamp luminaire to approximately 30 watts per lamp for single
and two lamp luminaires. For the purposes of this ECO, an
average lamp wattage of 29 will be used. In addition, four and
three lamp luminaires will receive one electronic ballast in place of
two existing. Octron lamps are thinner and can be installed into the
luminaire using existing pin connectors. based on the 29 watts per
lamp the retrofit is expected to lower electric demand to 2,462
kW/yr and electric usage to 631,053 kWh/yr. The annual energy
cost for the retrofit is $59,100.

Entech Engineering, Inc.
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Demand | Off-Peak | Intermediate | On-Peak Cost
Season kW kWh kWh kWh $
Non-Summer 1,436 37,825 132,567 197,723 $27,450
Summer 1,026 27,027 94,682 141,229 $31,660
Totals 2,462 64,852 227,249 338,952 $59,100

Construction The expected construction cost for this project will be $210,000.
Cost. (reference attached data sheets).

Material $125,900

Labor $ 61,700

Engineering $ 22,400
Savings. The annual cost savings resulting from the implementation of this

project will be $34,700 ($93,800 - $59,100).

Non-Summer kW =

Summer kW

Off-Peak kWh

Intermediate kWh

On-Peak kWh

Energy Usage

Btu/sf

Entech Engineering, Inc.
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841 kW/yr (2,277 kW/yr - 1,436 kW/yr)
601 kW/yr (1,627 kW/yr - 1,026 kW/yr)

38,018 kWh/yr (102,870 kWh/yr - 64,852
kWh/yr)

133,215 kWh/yr (360,464 KWh/yr -
227,249 kWhyr)

198,697 kWh/yr (537,649 kWh/yr -
338,952 kWh/yr)

1,263 mmBtu/yr (38,018 kWh + 133,215
kWh + 198,697 kWh) x 3,413 BtwkWh)
+ 1,000,000 Btw/mmBtu

5,186 Btu/sf (38,018 kWh + 133,215
kWh + 198,697 kWh) x 3,413 BtwkWh)
+ 243,450 sf)




Discussion. The expected payback resulting from the implementation of this
project is 6.1 years ($210,000 + $34,700). The retrofit is estimated
to provide a reduction in cooling costs and no increase in heating
costs, This analysis is shown on the following, page.

Cooling Savings, 5 Summer Months

Light Equiv Cool Cost
Description Savings @ 5 cop Savings
Off-Peak, kWh 15,844 3,169 $108
Intermediate, kWh 55,504 11,101 $522
On-Peak, kWh 82,790 16,558 $1,027
Demand, kW 601 120 $2,054
Totals $3,700

The retrofit will reduce HVAC cost by $3,700. Thus the simple payback
for this project will be lowered to 5.5 years ($210,000 + ($34,700 +
$3,700)). There is no additional monetary savings due to reduced
maintenance. The use of electronic ballasts has been known to cause
harmonic distortion problems. However, the occurrence is quite small
and can be very dependent upon ballast and electrical distribution quality.

Entech Engineering, Inc.
6-54
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Existing.

ECO-10
Reflectors

Presently, Marshall Hall utilizes approximately 3,652 fluorescent
luminaires that contain four and three lamps. The luminaires are
generally located in office and administration areas and typically
provide illumination levels between 50 and 60 foot candles. A
substantial amount of the areas contain desk lamps and have
luminaires served from two circuits (inner lamps and outer lamps
on separate switches). However, during site investigations it was
found that most of the areas had all lamps energized as well as
desk lights.

For the most part these areas require only general illumination
levels of approximately 30 to 40 foot candles. The attached table
lists areas which Entech has determined to fall into these
categories. From the attached sheets, the annual electric demand
for these areas is 1,718 kW and usage is 481,443 kWh. The annual
costs for the existing lights are $45,100. All quantities have been
developed from the light model and are calculated in the
attachment. The table below summarizes the estimates:

Season

Demand
kW

Off-Peak
kWh

Intermediate
kWh

On-Peak
kWh

Cost
$

Non-Summer

1,099

30,126

100,771

149,954

$20,950

Summer

785

21,528

71,969

107,096

$24,170

Totals

1,884

51,654

172,740

257,050

$45,100

Proposed.

Three lamped luminaires will have one lamp and one ballast
removed while two lamped luminaires will have two lamps and
one ballast removed. All luminaires will receive new high
reflectivity specular aluminum reflectors. Generally delamping
alone provides a 10% increase in relative light output. When
combined with reflectors, relative light output can increase more
than 15%. Entech expects illuminance levels between 30 and 40
foot candles. When combined with task lights these levels will be

Entech Engineering, Inc.
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adequate. Removing lamps and ballast in these luminaires will
reduce energy usage approximately 45% as calculated on the
following page. This project is expected to lower annual demand
and usage to 1,062 kW and 272,249 kWh. Annual electric cost for
these luminaires will become $25,500. The attached table list
calculations by area and are summarized below.

Demand | Off-Peak | Intermediate On-Peak Cost
Season kW kWh kWh kWh $
Non-Summer 619 17,527 56,798 84,490 $11,820
Summer 443 12,525 40,567 60,342 $13,640
Totals 1,062 30,052 97,365 144,832 $25,500

Construction The expected construction cost for this project will be $137,900.
Cost. (reference attached data sheet).

Material $ 82,200

Labor $ 41,100

Engineering $ 14,600
Savings. The annual cost savings resulting from the implementation of this

project will be $19,600 ($45,100 - $25,500).

Non-Summer kW 480 kW/yr (1,099 kW/yr - 619 kW/yr)

Summer kW = 342 kW/yr (785 kW/yr - 443 kW/yr)

Off-Peak kWh = 21,602 kWh/yr (51,654 kWh/yr - 30,052
kWh/yr)

Intermediate kWh = 75,375 kWh/yr (172,740 kWh/yr - 97,365
kWh/yr)

On-Peak kWh = 112,218 kWh/yr (257,050 kWh/yr -

144,832 kWh/yr)

Entech Engineering, Inc.
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Energy Usage

Btu/sf

714 mmBtu/yr ((21,602 kWh + 75,375
kWh + 112,218 kWh) x 3,413 Btu/kWh)
+ 1,000,000 Btu/mmBtu

2,933 Btw/sf (21,602 kWh + 75,375 kWh
+ 112,218 kWh) x 3,413 BtwkWh) =
243,450 sf)

Discussion. The expected payback resulting from the implementation of this
project is 7.0 years ($137,900 + $19,600). The retrofit is estimated
to provide a reduction in cooling costs and not increase heating
costs.

Cooling Savings, 5 Summer Months
, Light Equiv Cool Cost
Description Savings @ 5 cop Savings
Off-Peak, kWh 9,001 1,800 $61
Intermediate, kWh 31,406 6,281 $295
On-Peak, kWh 31,406 6,281 $389
Demand, kW 342 68 $1,169
Total $1,900

The retrofit will decrease HVAC cost by $2,200. Thus the simple
payback for this project will decrease to 6.1 years ($138,000 +

(%20,

basis

300 + $2,200)). This ECO is calculated on a stand-alone
. If the T-8 retrofit is completed this ECO's cost will change.

Interaction of ECOs will be addressed in the Conclusion Section.
There is no additional monetary savings to reduce maintenance.

Entech Engineering, Inc.
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Existing.

ECO-11
3' HPS Bollards

Presently, Marshall Hall utilizes 5, 150 watt incandescent three
foot bollard luminaires near the east entrance to the building. The
luminaires are located along a portion of the roadway where
individuals would depart from vehicles. Presently they are
controlled by photocells. The current lamps have a lumen rating of
2,800 and a life expectancy of 750 hours. From the attached sheet,
the annual electric demand for these luminaires is 0 kW and usage
is 2,970 kWh. The annual cost for the existing lights is $120. All
quantities have been developed from the light model and are
calculated in the attachment. The table below summarizes the
estimates.

Season

Demand
kW

Off-Peak
kWh

Intermediate
kWh

On-Peak
kWh

Cost

Non-Summer

1,260

420

315

$83

Summer

675

300

0

$37

Totals

1,935

720

315

$120

Proposed.

Remove the existing luminaires and install new recessed 35 watt
HPS bollards. The new 35 watt HPS lamps will provide a lumen

output of 2,300. Replacement luminaires will be capable of being
housed in the same location. The retrofit is expected to lower

electric demand to 0 kW/yr and electric usage to 772 kWh/yr. The
annual energy cost for the retrofit is $30. The lower energy cost is

due to reducing lamp wattage from 150 watts to 35 watts.

Season

Demand
kW

Off-Peak
kWh

Intermediate
kWh

On-Peak
kWh

Cost
$

Non-Summer

338

98

74

$21

Summer

181

81

0

$10

Totals

519

179

74

$30

Entech Engineering, Inc.
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Construction
Cost.

Savings.

Discussion.

The expected construction cost for this project is $800.
(reference attached data sheet).

Material $ 500
Labor $ 200
Engineering $ 100

The annual cost savings resulting from the implementation of this
project will be $90 ($120 - $30).

Non-Summer kW = 0 kW/yr (0 kW/yr - 0 kW/yr)

Summer kW = 0 kW/yr (0 kW/yr - 0 kW/yr)

Off-Peak kWh = 1,416 kWh/yr (1,935 kWh/yr - 519
kWh/yr)

Intermediate kWh = 541 kWh/yr (720 kWh/yr - 179 kWh/yr)

On-Peak kWh = 241 kWh/yr (315 kWh/yr - 74 kWh/yr)

Energy Usage = 8 mmBtu/yr ((1,416 kWh + 541 kWh +
241 kWh) x 3,413 Btw/kWh) = 1,000,000
Btu/mmBtu

Btu/sf = 31 Btu/sf ((1,416 kWh + 541 kWh + 241

kWh) x 3,413 BtwkWh) + 243,450 sf)

Maintenance savings due to the use of HPS lamps is estimated to
be $110 as calculated below. The expected payback resulting from
the implementation of this project is 4.0 years ($800 + $200).

Existing
Hours of operation = 20,000 hrs (4,000 hrs/lum x 5 lum)
Changes per year = 27 changes (20,000 hrs +~ 750 hrs)
Cost per year = $190 (27 changes x ($2.00/lamp +

$5.00 labor))

Entech Engineering, Inc.
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Proposed
Hours of operation

Changes per year
Cost per year

Savings

Entech Engineering, Inc.

6-67

20,000 hrs (4,000 hrs/lum x 5 lum)
4 changes ( 20,000 hrs + 5,000 hrs)
$190 (4 changes x ($15.00/lamp +
$5.00 labor))

$110 ($190 - $80)
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Existing.

ECO-12

Replace 75 watt Mercury Vapor Wall Washers

Presently, Marshall Hall utilizes approximately 61 wall washers
utilizing 75 watt mercury vapor lamps providing 2,800 lumens.
These luminaires are primarily located in common and open areas
on the first through third floors Fromi the attached sheets, the
annual electric demand for these areas is 60 kW and usage is
15,048 kWh. The annual costs for the existing lights are $1,400.
All quantities have been developed from the light model and are
calculated in the attachment. The table below summarizes the
estimates.

Season

Demand

Off-Peak | Intermediate On-Peak Cost
kW kWh kWh kWh $

Non-Summer

35 798 3,192 4,788 $660

Summer

25 570 2,280 3,420 $770

Totals

60 1,368 5,472 8,208 $1,400

Proposed.

Remove the existing luminaire and install new compact fluorescent
wall washers. The new wall washers will contain two 18 watt
compact fluorescent lamps providing a total of 2,500 lumens (10%
reduction). Replacement luminaires will be capable of being
housed in the same location with minor alterations to ceiling tiles.
The retrofit is expected to lower electric demand to 29 kW/yr and
electric usage to 8,165 kWh/yr. The annual energy cost for the
retrofit is $700. The reduction in annual energy cost is due to
lowering lamp wattage from 75 watts to 36 watts.

Season

Demand

Off-Peak | Intermediate On-Peak Cost
kW kWh kWh kWh $

Non-Summer

17 383 1,532 2,298 $320

Summer

12 359 1,437 2,156 $420

Totals

29 742 2,969 4,454 $700

Entech Engineering, Inc.
6-69




Construction
Cost.

Savings.

Discussion.

The expected construction cost for this project is $6,500.
(reference attached data sheet).

Material $ 4,900
Labor $ 1,200
Engineering $ 400

The annual cost savings resulting from the implementation of this
project will be $700 ($1,400 - $700).

Off-Peak kWh = 626 kWh/yr (1,368 kWh/yr - 742
kWh/yr)

Intermediate kWh = 2,507 kWh/yr (5,472 kWh/yr - 2,969
kWh/yr)

On-Peak kWh = 3,748 kWh/yr (8,208 kWh/yr - 4,454
kWh/yr)

Non-Summer kW = 18 kW/yr (35 kW/yr - 17 kW/yr)

Summer kW = 13 kW/yr (25 kW/yr - 12 kW/yr)

Energy Usage = 23 mmBtu/yr ((626 kWh + 2,503 kWh +
3,754 kWh) x 3,413 Btu/kWh) +
1,000,000 Btu/mmBtu

Btu/sf = 96 Btw/sf((626 kWh + 2,503 kWh +
3,754 kWh) x 3,413 Btu/kWh) + 243,450

sf)

The expected payback resulting from the implementation of this
project is 9.3 years ($6,500 + $700). There is no additional
monetary savings due to reduced maintenance.

Entech Engineering, Inc.
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Existing.

ECO-13
Personnel Motion Sensors

Marshall Hall contains approximately 130 spaces which were
observed illuminated for many hours, even when unoccupied. The
attached sheet displays the areas which have been identified. From
the attached calculations, the annual demand and usage for these
spaces is 620 kW and 156,398 kWh with an annual electric cost of
$14,800.

Season

Demand

Off-Peak | Intermediate On-Peak Cost
kW kWh kWh kWh $

Non-Summer

362 8,367 33,146 49,728 $6,859

Summer

258 5,980 23,665 35,512 $7,927

Totals

620 14,347 56,811 85,240 $14,800

Proposed.

Remove the existing standard light switches and replace them with
motion sensor switches for the above-referenced spaces (refer to
the sheets). This will allow the lights to operate only when the
space is occupied. Demand levels are not expected to be reduced;
however usage hours are expected to be reduced to 70% of current
levels. This reduction is in accordance with DOE Advanced
Lighting Guidelines, 1993. Typically office spaces can expect
between 25 and 50% reduction in usage. Switch replacement will

reduce the annual electric cost to approximately $12,400. Electrical
demand and usage will be 620 kW and 109,478 kWh.

Season

Demand

Off-Peak | Intermediate On-Peak Cost
kW kWh kWh kWh $

Non-Summer

362 5,857 23,202 34,810 $5,518

Summer

258 4,186 16,565 24,858 $6,871

Totals

620 10,043 39,767 59,668 $12,400

Entech Engineering, Inc.
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Construction
Cost.

Savings.

Discussion.

The total construction cost to install the described modifications
is $15,000.

Material $ 10,200
Labor $ 3,900
Engineering $§ 900

The annual cost savings associated with this ECO is $2,400
(514,800 - $12,400).

Off-Peak kWh = 4,394 kWh (14,437 kWh - 10,043 kWh)
Intermediate kWh = 17,044 kWh (56,811 kWh - 39,767 kWh)
On-Peak kWh = 25,572 kWh (85,240 kWh - 59,668 kWh)
Summer kW = 0 kW (362 kW - 362 kW)

Non-Summer kW = 0 kW (258 kW - 258 kW)

Energy Usage = 160 mmBtu ((4,394 kWh + 17,044 kWh

+ 25,572 kWh) x 3,413 Btu/kWh) +
1,000,000 Btu/mmBtu)

Energy Usage = 659 Btu/sf((4,394 kWh + 17,044 kWh +
25,572 kWh) x 3,413 Btw/kWh) +
243,450 sf)

The simple payback for this ECO is 6.3 years ($15,000/$2,400).
There is no addition monetary savings due to reduce maintenance.

Entech Engineering, Inc.
6-73




290 De0
SN0 60t

EPATI

-

i

29410 "HI|

M0 "D

MO 4T

RS 1T 1AL
3110 41 12|
M1 V11T
S0 11012

S50 01

21 k¢
230 "4017]
7|

[
il
i

i

RETED

~ o ‘anty]
210 D01

410 A0t

2910 017}

2O D60z|

. 2O ‘d607]
9310 “0607|

MO N6

23110 W]

920 1607

331413 “ro07]

O 1607

i
i
i
i
7
i
T
i
\

i
|
:
j
l
|
,
i
i
|
i

P N -1

i
i

XS

NN T O [ W AN e S
2
=
~
5
3
~
]
S

Il
I
i
|
|

23U 'HOOT]

TN

~ i

330 607
3O U]

e~

PRI MRS )

W0 607

2O V6o

i~

T o s s T O [ O T 1S P TN N R 1Sy

i

fet U 2891

2211 08
23K 6k ||

AN RED

z
4
4
z 200 ‘Lt
v
z
[

N
Z
9

i
)
i
i

W0 9rl

|
|

o Pmon
ESTNTY
291 ‘01
330 ‘6t |
EICE N
2D "L
L USRY
L RAY)
M0 B
ETIBNRY)
PO T4,
O 1LY
MO 0t |
_ M0 6Ly,
. T Tewosn
330 L2
23w 921
330 P |
40 121
>3m0 "0zt

S 61

|
.
1
|

¥4 v81 oF 668 Ll 681 or
F1¥4 ust of 068 [l 6sl or

7wl T
|

i

I PP A P I Y

=
=
2 =
=
~

o

onrslale!

|
'
i

i e e i N N N

2
2
@ r T mim e i

I e
=
_

U0 AL
210 Vit

5uj0 91
o dsi]

30 587

‘1;4..i|mumm.ﬁh~
L paeavy
W0 VERI
Tinagq prmod
£y}
20 Ae81
10 (€8 |
3%Y0 "1£8)
3310160 "DERY
A0 ViR|
O ULL)
2o DLLY
MO HLLL
MK VLU
A AL,
MO DL
BRI
IMIK) ViLL
330 VoL
T-ARY]
L e L L T TEITy T
0
N

ms ORS sZis 27 1134 wl
ors RS s i s 4
oS 0RS us Lo L] [43 t ao L] (23 <t Hts Lo o6 "« il
I I [ s R I 4] " 1 w1 oLt Lt 6 [ 3 oLt ozt of
s 3
a0y, s0qe'y Hay

Rrd}
1114

Ne—NTNNNT N

N HWy AR K qey H AN
2 A%3-14) 43} A=30-H0O daug il e ld Avad-1H) 1%0.) Jaurunyg
S0, TEROUY panedo T CLD

quN A quy
Anu) Av3q-BO fetaliai 113 N34
Y TSIt JUNSTYY T L Ry

$10SUIG NOHON

6-74




TCASH DAIVNINO'T INIDISHONYINDG TASN S1ST T A0 HOLIVA ISV TIVE V AHIVNINAT CALSV I IV ¥0A <18 3LON

00r'T 8'ss
0zon0s - WS 4oy fwspy riusuralsu] yeag-uey OESO'0S YmON/S I50) offwr) musttarmug Yea-u(y
oLt oS M3/$ 1507 ofimy) [musuIa13u] oyRypoutsaug 09008 /8 oy aFus() musurasany opmipotusmup
opEnos = gry/g sy aBes)) mususssug eSO DLEQ'0S YMWON/$ 1% ofex(y [muaurosug Ywod-100)
&OLLS - MS WD) PULI(] [FINAW2S0] ST OIS - MO/ 150y puRa) (MUSWOIINY STNUIA
FUIUII LN S3RIng SPRIUIMAIIU] S3MMng-UoN
99 nwpg jo s3qeny
2301 wdwre) jo saquny
8% MHTLS D06 €S wrals OFTIS [asT BRETL 61611 oLLs 9% 018 VE FATAES LS8 GORTIS $IUT [T 198, 8T4 6r kTS LE8 91t . LIIRINES
ez |etist T bois T loss T |oszs TS fees___ _jse_ v lve T v lew ot 8628 s BlL__ 8Ly ozt L $00°1 0L9 91 or v 9 0 HEI]
V]
81 "~ {onis. Lo o6____ |00 st ] 91 ) [3 or 3 ] MO A1
£
to
k2 A U0 VLo
9z - 230 5190t
9z 3O Vo0t
oz R 340 D50F
SE R X
[ T T o
st mer . 230 'H oy
9T 233 200 V08
Lanong papy
9z T e aver]
9z . _ W0 Yoy
¢ 3 0 0z 10 ‘ggng]
og (43 L) 6% - 2330 20
e ot 54 el B s 114
16 L1 [84 £ M0 107
] o1 rb 0z 210 O]
91l BL 0z 60 N MUY 0T
9t 8L oz 60 L o
16 ar 6 Qe T wo o
- s fes oz L b ey
st see e 9T _ S o 414
i I AR RN U ‘| 100y puoasy
19 - LN L A 1313 0T et | e . 2200 R0
'9 oL oM s Lo JoT e Do e WO 200
Ta0ilg pumoss))
S o T
[ s et [ 2 N T TPy (]
sz 8L o6 - LA N [, 2210 VeS|
. A . e o | e vl prmasty
JER o LTMHY]
8L jud - ‘ 2O 9Tt
s e T T T eI ety
st fe
L e
- - ‘ T R SR S IO . N T T ey
71 AT R T TR oz T [ VT LT o s
o’s E T U A T FRRR £ VAR £ A o Tlen ~ M0y
. oY Codees’ T T e T T me AR (7 CT T hawio o
oss LE [ S £ 2 (7 s T T T sowio N
) Le IS 314 I I Lo L L PMHOTHEL
2 b Wi ~ gl 8L 0Ly 2O I
T oy =Y =Y =y | =g o TII T W
Aowy ug rpay 2] Sammveny A934-1) A ABELO S AR “aamep A% L0 .y asatung | qeagw) “asuy Loy A%
TV L TERUTY ITdo T [FROTY T3S ORIT ST [ VRO
£40! 010 Al

6-75




Existing.

ECO-14
Exit Signs to LED

Presently Marshall Hall contains approximately 105 exit signs of
various mounting and directional types. The existing signs utilize
two eight watt (8) fluorescent lamps. The total watts for the
existing exit signs are 1,932 watts. The exit signs operate 24 hours
per day and contribute approximately 95% of their connected load
to the demand. Total annual electric demand is 19 kW while
annual electric usage is 16,877 kWh. Annual energy cost for these
fixtures is $900. All quantities have been developed from the light
model and are calculated in the attachment.

Season

Demand
kW

Oft-Peak
kWh

Intermediate
kWh

On-Peak
kWh

Cost
$

Non-Summer

11

5,157

2,344

2,344

$500

Summer

8

3,684

1,674

1,674

$440

Totals

19

8,841

4,018

4,018

$900

Proposed.

Remove and replace all existing exit signs with a new LED exit
signs. The existing exit signs can not be retrofitted because they
are too thin. New LED exit signs will consume 2 watts of
electricity per luminaire and have a life expectancy over 20 years..
The annual energy cost for the new luminaires will be $100. The
expected usage and demand quantifies are summarized below and
calculated in the attachment.

Season

Demand
kW

Off-Peak
kWh

Intermediate
kWh

On-Peak
kWh

Cost

Non-Summer

561

258

258

$60

Summer

420

182

182

$50

Totals

981

440

440

$100

Entech Engineering, Inc.
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Construction
Cost.

Savings.

Discussion.

The expected construction cost for this project is $13,000.

Material $ 8,400 (105 lum x $80/lum)
Labor $ 4,200 (105 lum x $40/lum)
Engineering $ 400

The annual cost savings resulting from the implementation of this
project will be $800 ($900 - $100).

Off-Peak kWh = 7,860 kWh/yr (8,841 kWh/yr - 981
kWh/yr)

Intermediate kWh = 3,578 kWh/yr (4,018 kWh/yr - 440
kWh/yr)

On-Peak kWh = 3,578 kWh/yr (4,018 kWh/yr - 440
kWh/yr)

Non-Summer kW = 9 kW/yr (11 kW/yr - 2 kW/yr)

Summer kW = 7 kW/yr (8 kW/yr - 1 kW/yr)

Energy Usage = 51 mmBtu/yr ((7,860 kWh + 3,578 kWh
+ 3,578 kWh) x 3,413 Btu/kWh) +
1,000,000 Btu/mmBtu

Btu/sf = 211 Btwsf((7,860 kWh + 3,578 kWh +
3,578 kWh) x 3,413 Btu/kWh) + 243,450

sf)

The expected simple payback resulting from the implementation of
this project is 16.3 years ($13,000+$800). However, if
maintenance savings for lamp replacement are included, there is an
additional $1,050 per year savings (.5 hr/lum. x $20/mh. x 105

lum. = $1,050). The payback period decreases to 7.2 years
($13,000+$1,800).

Entech Engineering, Inc.
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6.3

ECOs Evaluated but Not Recommended

In addition to the recommended ECOs listed in Section 6.2 of this report,
potential energy conservation opportunities were investigated, but are not
recommended for implementation due to their long payback periods. These
projects may still be attractive to Ft. McNair due to non-economical factors
such as increased comfort or a reduction in maintenance requirements. Other
projects, while not feasible at this time, should be considered when replacement

of the existing equipment is required.

ECO# ECO Description

A 150 HPS Loading Dock Luminaires
2" and 3' T-8 Lamp Retrofit
3' MH Bollards

Exterior Lighting

m|O|lO|w

Shutdown Chillers During Winter &
Summer Unoccupied Periods

Security Room

Variable Frequency Drive Controllers

T ||

Peak Shaving With Diesel Generators
| Chilled Water Storage

Oxygen Trim Controls on Boilers

PEPCO's Curtailment Program

CR| =

Electric Rate

Entech Engineering, Inc.
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Existing.

ECO-A
150 HPS Loading Dock Luminaires

Presently, Marshall Hall utilizes approximately 28, 175 watt
recessed mercury vapor luminaires in the first floor loading dock.
The current lamps have an initial lumen rating of 14,000 and a
maintained level of 10,000. From the attached sheet, the annual
electric demand for this area is 65 kW and usage is 49,228 kWh.
The annual cost for the existing lights is $2,800. All quantities
have been developed from the light model and are calculated in the
attachment. The table below summarizes the estimates.

Season

Demand

Off-Peak | Intermediate On-Peak Cost
kW kWh kWh kWh $

Non-Summer

38 15,042 6,837 6,837 $1,480

Summer

27 10,744 4,884 4,884 $1,360

Totals

65 25,786 11,721 11,721 $2,800

Proposed.

Remove the existing luminaires and install new recessed 150 watt
HPS luminaires. The new 150 watt HPS lamps will provide an
initial lumen output of 16,000 and maintained level of 14,400
lumens (40% increase). Replacement luminaires will be capable
of being housed in the same location with minor alterations. The
retrofit is expected to lower electric demand to 55 kW/yr and
electric usage to 42,194 kWh/yr. The annual energy cost for the
retrofit is $2,400. The lower energy cost is due to the use of a
lowering lamp wattage from 175 watts to 150 watts.

Season

Demand

Off-Peak | Intermediate On-Peak Cost
kW kWh kWh kWh $

Non-Summer

32 12,893 5,860 5,860 $1,270

Summer

23 9,209 4,186 4,186 $1,160

Totals

55 22,102 10,046 10,046 $2,400

Entech Engineering, Inc.
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Construction
Cost.

Savings.

Discussion.

The expected construction cost for this project is $6,500.
(Reference attached data sheet).

Material $ 4,200
Labor $ 1,700
Engineering § 600

The annual cost savings resulting from the implementation of this
project will be $400 (82,800 - $2,400).

Off-Peak kWh = 3,684 kWh/yr (25,786 kWh/yr - 22,102
kWh/yr)

Intermediate kWh = 1,675 kWh/yr (11,721 kWh/yr - 10,046
kWh/yr)

On-Peak kWh = 1,675 kWh/yr (11,721 kWh/yr - 10,046
kWh/yr)

Non-Summer kW = 6 kW/yr (38 kW/yr - 32 kW/yr)

Summer kW = 4 kW/yr (2‘7 kW/yr - 23 kW/yr)

Energy Usage = 24 mmBtu/yr ((3,684 kWh + 1,675 kWh
+ 1,675 kWh) x 3,413 Btw/kWh) +
1,000,000 Btu/mmBtu

Btw/sf = 99 Btw/sf((3,684 kWh + 1,675 kWh +
1,675 kWh) x 3,413 BtwkWh) + 243,450

sf)

The expected payback resulting from the implementation of this
project is 16.3 years ($6,500 ~ $400). There is no additional
monetary savings due to reduced maintenance.

Entech Engineering, Inc.
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Existing.

ECO-B
2' and 3' T-8 Lamp Retrofit

Presently, Marshall Hall utilizes approximately 414 fluorescent
luminaires containing 414 lamps and 414 ballasts in the first floor
Multi-Purpose rooms and third floor Ceremonial room. The
luminaires range primarily single lamp and basically utilize 30 and
20 watt, cool white lamps with standard energy efficient magnetic
ballast. From the attached sheets, the annual electric demand for
these areas is 159 kW and usage is 36,240 kWh. The annual costs
for the existing lights are $3,600. All quantities have been
developed from the light model and are calculated in the
attachment. The table below summarizes the estimates.

Season

Demand
kW

Off-Peak
kWh

Intermediate
kWh

On-Peak
kWh

Cost
$

Non-Summer

93

8,456

12,684

$1,675

Summer

66

6,039

9,061

$1,974

Totals

159

14,495

21,745

$3,600

Proposed.

Remove the existing lamps and ballasts and install new Sylvania
Octron (or equivalent) T-8 lighting system with electronic ballasts.
The average electrical use per lamp for three foot replacements will
be approximately 24 watts while two foot replacements will be 17
watts. The three foot luminaires will be tandem ballasted (one
ballast two luminaires) while two foot luminaires contain one
ballast. Octron lamps are thinner and can be installed into the
luminaire using existing pin connectors. The retrofit is expected to
lower electric demand to 111 kW/yr and electric usage to 24,271
kWh/yr. The annual energy cost for the retrofit is $2,500.

Entech Engineering, Inc.
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Demand | Off-Peak | Intermediate On-Peak Cost
Season kW kWh kWh kWh $
Non-Summer 65 0 5,901 8,851 $1,170
Summer 46 0 3,807 5,712 $1,320
Totals 111 0 9,708 14,563 $2,500

Construction The expected construction cost for this project is $19,000.
Cost. (Reference attached data sheet).

Material $ 9,300

Labor $ 8,300

Engineering $ 1,400
Savings. The annual cost savings resulting from the implementation of this

project will be $1,100 ($3,600 - $2,500).

Off-Peak kWh

Intermediate kWh

On-Peak kWh

Non-Summer kW

Summer kW

Energy Usage

Btu/sf

Entech Engineering, Inc.

0 kWh/yr (0 kWh/yr - 0 kWh/yr)

4,787 kWh/yr (14,495 kWh/yr - 9,708
kWh/yr)

7,182 kWh/yr (21,745 kWh/yr - 14,563
kWh/yr)

28 kW/yr (93 kW/yr - 65 kW/yr)

20 kW/yr (66 kW/yr - 46 kW/yr)

41 mmBtu/yr ((0 kWh + 4,787 kWh +
7,182 kWh) x 3,413 Btw/kWh) +
1,000,000 Btu/mmBtu

168 Btw/sf (0 kWh + 4,787 kWh + 7,182
kWh) x 3,413 Btw/kWh) + 243,450 sf)

6-83




Discussion. The expected payback resulting from the implementation of this
project is 17.3 years ($19,000 + $1,100). The retrofit is estimated
to provide a reduction in cooling costs and no increase in heating
costs, This analysis is shown below.

Cooling Savings, 5 Summer Months
Light Equiv Cool Cost
Description Savings @ 5 cop Savings
Off-Peak, kWh 0 0 $0
Intermediate, kWh 2,232 446 $21
On-Peak, kWh 3,349 670 $42
Demand, kW 20 4 $68
Total $100

The retrofit will decrease HVAC cost by $100. Thus the simple payback

for this project will increase to 14.6 years (19,000 + (1,200 + $100)).
There is no additional monetary savings due to reduced maintenance.

Entech Engineering, Inc.
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Existing.

ECO-C
3' MH Bollards

Presently, Marshall Hall utilizes 5, 150 watt incandescent three
foot bollard luminaires near the east entrance to the building. The
luminaires are located along a portion of the roadway where
individuals would depart from vehicles. Presently they are
controlled by photocells. The current lamps have a lumen rating of
2,300 and a life expectancy of 750 hours. From the attached sheet,
the annual electric demand for these luminaires is 0 kW and usage
is 2,970 kWh. The annual cost for the existing lights is $120. All
quantities have been developed from the light model and are
calculated in the attachment. The Table below summarizes the
estimates.

Season

Demand

Off-Peak | Intermediate On-Peak Cost
kW kWh kWh kWh $

Non-Summer

0 1,260 420 315 $83

0 675 300 0 $37

Summer

Totals

0 1,935 720 315 $120

Proposed.

Remove the existing luminaires and install new recessed 50 watt
metal halide bollards. The new 50 watt lamps will provide a lumen
output of 3,000. Replacement luminaires will be capable of being
housed in the same location. The retrofit is expected to lower
electric demand to 0 kW/yr and electric usage to 1,102 kWh/yr.
The annual energy cost for the retrofit is $40. The lower energy
cost is due to reducing lamp wattage from 150 watts to 50 watts.

Season

Demand

Off-Peak | Intermediate On-Peak Cost
kW kWh kWh kWh $

Non-Summer

0 483 140 105 $30

Summer

0] 259 115 0 $14

Totals

0 742 255 105 $40

Entech Engineering, Inc.
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Construction
Cost.

Savings.

Discussion.

The expected construction cost for implementation of this
project will be $800. This cost is summarized below and shown in
detail on the following page.

Material $ 500
Labor $ 200
Engineering $ 100

The annual cost savings resulting from the implementation of this
project will be $80 ($120 - $40).

Off-Peak kWh = 1,193 kWh/yr (1,935 kWh/yr - 742
kWh/yr)

Intermediate kWh = 465 kWh/yr (720 kWh/yr - 255 kWh/yr)

On-Peak kWh = 210 kWh/yr (315 kWh/yr - 105 kWh/yr)

Non-Summer kW = 0 kW/yr (0 kW/yr - 0 kW/yr)

Summer kW = 0 kW/yr (0 kW/yr - 0 kW/yr)

Energy Usage = 6 mmBtuw/yr ((1,193 kWh + 462 kWh +
210 kWh) x 3,413 Btw/kWh) + 1,000,000
Btu/mmBtu

Btu/sf = 26 Btu/sf ((1,193 kWh + 465 kWh + 210

kWh) x 3,413 Btu/kWh) + 243,450 sf)

The expected payback resulting from the implementation of this
project is 10.0 years ($800 + $80). This ECO is not recommended
because the HPS version has a better payback period. This ECO
will have the same additional maintenance savings as ECO#11.
Payback period will be 4.2 years ($800 + $190).

Entech Engineering, Inc.
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ECO-D

Exterior Lighting
Existing. Presently, Marshall Hall utilizes a mixture of metal halide and
mercury vapor luminaires for exterior illumination. The following
table lists the types of luminaires and the areas which they serve:
Type # Area Served Lamps Wattage
18' Pole, MH 32 | Parking 1 250
10' Pole, MH 6 | Walkway 1 100
Steps, MV 5 | Entrance 1 150
Security, MH 3 | Area 2 250
Security, MH 2 | Area 1 250
Typically the luminaires are operated at night only and are
controlled by either time clocks or photocells. From the attached
sheet, the annual electric demand for these luminaires is 0 kW and
usage is 44,946 kWh. The annual cost for the existing lights is
$1,800. All quantities have been developed from the light model
and are calculated in the attachment. The table below summarizes
the estimates.
Demand | Off-Peak | Intermediate | On-Peak Cost
Season kW kWh kWh kWh $
Non-Summer 0 19,068 6,356 4,767 $1,250
Summer 0 10,215 4,540 0 $560
Totals 0 29,283 10,896 4,767 $1,800
Proposed. Remove the existing luminaires and install new high pressure

sodium lamped luminaires. The new luminaires will match
existing and be provided with a lamp of equivalent lumen output.
Replacement luminaires will be capable of being housed in the
same location. The retrofit is expected to lower electric demand to

Entech Engineering, Inc.
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0 kW/yr and electric usage to 34,729 kWh/yr. The annual energy
cost for the retrofit is $1,400. Lower energy cost is due to using
lower lamp wattage as shown below.

Demand | Off-Peak | Intermediate | On-Peak Cost
Season kW kWh kWh kWh $
Non-Summer 0 14,734 4911 3,683 $966
Summer 0 7,893 3,508 0 $433
Totals 0 22,627 8,419 3,683 $1,400

Construction The expected construction cost for this project is $16,000.
Cost. (Reference attached data sheet).

Material $ 13,100

Labor $ 1,500

Engineering $ 1,400
Savings. The annual cost savings resulting from the implementation of this

project will be $400 ($1,800 - $1,400).

Off-Peak kWh

Intermediate kWh

Non-Summer kW

Summer kW

On-Peak kWh

Energy Usage

Entech Engineering, Inc.
6-90

6,656 kWh/yr (29,283 kWh/yr - 22,627
kWh/yr)

2,477 kWh/yr (10,896 kWh/yr - 8,419
kWh/yr)

0 kW/yr (0 kW/yr - 0 kW/yr)
0 kW/yr (0 kW/yr - 0 kW/yr)

1,084 kWh/yr (4,767 kWh/yr - 3,683
kWh/yr)

35 mmBtu/yr (6,656 kWh + 2,477 kWh
+ 1,084 kWh) x 3,413 BtwkWh) +
1,000,000 Btw/mmBtu




Discussion.

Btw/sf = 143 Btw/sf (6,656 kWh + 2,477 kWh +
1,084 kWh) x 3,413 BtwkWh) + 243,450

sf)

The expected payback resulting from the implementation of this
project is 40 years ($16,000 + $400). There is no additional
monetary savings due to reduced maintenance.

Entech Engineering, Inc.
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ECO-E

Shutdown Chillers During Winter & Summer Unoccupied Periods

Existing.

Proposed.

During the months of December through March, it is necessary to
operate the central chilled water system to keep selected areas of
the building cool. In the intermediate and summer months, these
chiller also operate during unoccupied time periods to cool these
same areas. Typically these areas are computer rooms and areas
using fan coil units. The total cost to operate the central chilled
water system during the entire year as calculated in the electric
model is $75,400.

Off-Peak kWh = 595,131 kWh
Intermediate kWh = 247,768 kWh
On-Peak kWh = 290,014 kWh
Summer kW = 1,226 kW
Non-Summer kW = 754 kW

Refer to attached Existing Energy Usage Table for a more detailed
breakdown of operating costs.

Shut down the central chilled water system during the winter
months by installing individual split system DX units for the
computer room and fan coils. These new systems will provide
cooling to their respective areas year round. Installation of these
units will enable the central chilled water system to shut down
from December through March. In addition, during the months of
April through November, the central chilled water system will be
shut down in the unoccupied time periods. Also the outdoor air
dampers on the air handlers will need to be modulated closed to
eliminate the outdoor air cooling load. The Energy Monitoring and
Control System (EMCS) will be modified so as to shut down the
chillers and close the outdoor air dampers in the summer

Entech Engineering, Inc.
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Construction
Cost

Savings.

unoccupied periods. The expected annual cost to operate the
central chilled water system and the new split systems is $51,900.

Off-Peak kWh = 162,288 kWh
Intermediate kWh = 150,429 kWh
On-Peak kWh = 235,528 kWh
Summer kW = 1,259 kW
Non-Summer kW = 536 kW

Refer to attached Proposed Energy Usage Table for a more detailed
breakdown of operating costs.

The expected construction cost for this project is $90,000
(Reference attached cost estimate).

Material $56,000
Labor $24,000
Engineering $10,000

The annual cost savings resulting from implementation of this
project will be $23,500 ($75,400 - $51,900).

Off-Peak kWh = 432,551 kWh (595,131 kWh - 162,580
kWh)

Intermediate kWh = 97,339 kWh (247,768 kWh - 150,429
kWh)

On-Peak kWh = 54,486 kWh (290,014 kWh - 235,528
kWh)

Summer kW = 33kW (1,226 kW - 1,259 kW)

Non-Summer kW = 218 kW (754 kW - 536 kW)

Entech Engineering, Inc.
6-94




Discussion.

Energy Usage = 1,994 mmBtu ((432,551 kWh + 97,339
kWh + 54,486 kWh) x 3,413 BtwkWh +
1,000,000 Btu/mmBtu)

Btw/sf = 8,193 Btu/sf((432,551 kWh + 97,339
kWh + 54,486 kWh) x 3,413 BtwkWh +
234,450 sf)

The expected payback resulting from the implementation of this
project is 3.8 years ($90,000 + $23,500). There is no additional
monetary savings due to reduced maintenance. This ECO is
recommended under a lower construction cost version, ECO #4A.

Entech Engineering, Inc.
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ECO-E
EXISTING ENERGY USAGE TABLE

: ! NON-SUMMER ‘ SUMMER
NON- | . OFF- ' ON- | OFF- ! . ON-
}SUMMERESUMMERi PEAK | INTER. = PEAK = PEAK INTER. © PEAK

DESCRIPTION | KW KW | KWH KWH | KWH | KWH ° KWH | KWH
CHILLER CH-2 1 476 . 955: 149,057 | 52,224 76,563  272,294' 123,193 135406
CHW PUMP P-3 : 59 | 42! 22344 8624 8624 15960 6160 6,160
CW PUMP P-5 ; 79| 56 29,925 11,550 11,550. 21,375! 8250/ 8250
CLG TOWER 93 156 6,265 3486 5030 50,0491 24,900 29,050
TOWER PANHTRS ' 22/ 0 12264: 3360 3,360 0! 0 0
FAN COIL UNITS (5) 15, 10 5407, 2,087/ 2087  3863° 1491 1491
f A/C UNITS (2) ! 10| 7. 3691, 1425, 1425 2637 1018, 1,018
| TOTALS ‘ 754 228,953 | 82,756 108,639 366,178 165,012’ 181,375

Electric Cost = $75,400

Non- Summer:

KW $4,975 754 kwl/yr* $6.60/kw
Off-peak KWH $8,471 228,953 kwh/yr * $0.037/kwh
Intermediate KWH $3,807 82,756 kwh/yr * $0.046/kwh
On- peak KWH $5,758 108,639 kwh/yr * $0.053/kwh
Summer:
Kw $20,952 1,226 kw/yr * $17.09/kw
Off-peak KWH $12,450 366,178 kwh/yr * $0.034/kwh
Intermediate KWH $7,756 165,012 kwh/yr * $0.047/kwh
On- peak KWH $11,245 181,375 kwh/yr * $0.062/kwh
Totals $75,414
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ECO-E
PROPOSED ENERGY USAGE TABLE

| NON-SUMMER SUMMER

NON- - OFF- ON-  OFF- . ON-

'SUMMER 'SUMMER . PEAK | INTER. . PEAK ' PEAK ' INTER. | PEAK

DESCRIPTION _ KW | KW | KWH | KWH . KWH | KWH  KWH | KWH
: CHILLER CH-2 264 842 20628 20628 30,942 51570 64,940 114,600
__ CHWPUMPP-3 16 49° 12100 1210 1,814 3024 3360 6,160
; CW PUMP P-5 | 21 66 1620 1620 2430 4050 4500 8250
| CLG TOWER 57 183. 3735 2490 2490 12450 16,6001 29,050
| _TOWERPANHTR 11 0. 6132, 1680 1680 0 0 0
DX FAN COIL UNITS (5) 103 73 8246 10990 13741 5890 7,855 9,815
DXACUNITS (2) 64 46, 25830 8491 8491 18195 6,065 6,065

TOTALS 1259 67,401 47,109 61,588 85,179 103,320. 173,940

Electric Cost = $51,900

Non- Summer:

KW $3,535 536 kw/yr * $6.60/kw
Off-peak KWH $2,494 67,401 kwh/yr * $0.037/kwh
Intermediate KWH $2,167 47,109 kwh/yr * $0.046/kwh
On- peak KWH $3,264 61,588 kwh/yr * $0.053/kwh
Summer:
KW $21,515 1,259 kw/yr * $17.09/kw
Off-peak KWH $3,236 95,179 kwh/yr * $0.034/kwh
Intermediate KWH $4,856 103,320 kwh/yr * $0.047/kwh
On- peak KWH $10,784 173,940 kwh/yr * $0.062/kwh
Totals $51,851
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ECO-E
SHUTDOWN CHILLERS DURING WINTER & SUMMER UNOCCUPIED PERIODS

MATERIAL LABOR LINE
# DESCRIPTION QUAN. | UNITS S/UNIT TOTAL | S$/UNIT TOTAL JOTAL #
1 MECHANICAL 1
2JAC-1 1JEA $15,000 $15.000 $2,000 $2,000 $17,000 2
3JAC-3 1|JEA $8,500 $8,500 $1,300 $1,300 $9,800 3
4JFC-1 1]EA $6,400 $6,400 $2,100 $2,100 $8,500 4
S|FC-2 1JEA $3,200 $3,200 $900 $900 $4,100 5
6]FC-3 1{EA $2,000 $2,000 $500 $500 $2,500 6
7JFC-4 I{EA $2,000 $2,000 $500 $500 $2,500 7
8JFC-5 HEA $3,500 $3,500 $1,100 $1,100 $4,600 8
9|PIPING &ACCESSORIES LS $2,500 $2.500 $2,500 $2,500 $5,000 9
10JELECTRICAL 1JLS $2,500 $2,500 $3.000 $3,000 $5,500] 10
11JCONTROLS 1JLS $1,000 $1,000 $1,000 $1,000 $2,000] 11
12§DEMOLITION 1JLS $300 $300 $4,700 $4,700 $5,0000 12
13 $0 $0 so] 13
14 $0 $0 $0] 14
15 $0 $0 o1 15
16 $0 $0 o] 16
17 $0 80 $op 17
18 $0 $0 $o] 18
19 $0 $0 $0] 19
20 $0 $0 $0] 20
21 $0 $0 so] 21
22 $0 $0 oy 22
23 $0 $0 $0] 23
24 $0 $0 $0] 24
25 $0 $0 $0] 25
26 $0 $0 $0p 26
27 $0 $0 $op 27
28 $0 $0 $0] 28
29 $0 $0 $o) 29
30 %0 $0 $0) 30
31 $0 $0 $0] 31
32 $0 $0 $o} 32
33 30 $0 $0] 33
34 $0 $0 0] 34
35 $0 $0 $0] 35
36 $0 $0 $0] 36
37 $0 30 $0] 37
38 $0 $0 oy 38
39 $0 $0 $0] 39
40 $0 $0 $0] 40
41 $0 $0 sof 41
42 $0 $0 $0] 42
43 %0 $0 $o1 43
44 $0 $0 $0] 44
45 $0 $0 $0] 45
46 $0 %0 $0] 46
47 $0 $0 $0] 47
48 $0 $0 $0] 48
49 $0 $0 o} 49
50 $0 $0 $0] 50
51 $0 $0 $0] s1
52 $0 $0 $op 52
33 $0 30 $0p 53
54]CONTINGENCY 20% $9.380 $3,920 $13300] 54
55 $0 $0 $0] 55
56 56
TOTALS>>>>>>>> $56,000 $24,000 $80,000

. G:\PROJECTS\4130.04\SS\CEINDDX. WK1

. ENTECH ENGINEERING INC.
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Existing.

Proposed.

ECO-F
Security Room

According to design drawings, Room 1A129, located on the first
floor, is designated as the security Room while Room 1A132
(adjacent) is designated as telephones. Air conditioning for the
telephone room is supplied by air handling unit AHU-3. An
independent fan coil unit, FC-5, furnishes air conditioning for the
security room. Presently, the security room is occupied 24 hours
per day.

During site investigations it was found that security personnel were
occupying the telephone room while the telephone equipment was
installed in the original security room. However, the mechanical
systems were not altered. AHU-3 is operated 24 hours per day to
satisfy the air conditioning needs of the security room. Total
annual cost to operate FC-5 and AHU-3, including weekends and
normal unoccupied hours, is $7,300. These costs were developed
in the electric model and are summarized below:

Off-Peak Usage = 70,082 kWh
Intermediate Usage = 24,775 kWh
On-Peak Usage = 24,775 kWh
Summer kW = 85 kW

Non-Summer kW 120 kW
Refer to the attached Existing Energy Usage Table for a more
detailed breakdown of operating costs.

Install a split system DX fan coil unit for the security room and
install an exhaust fan for ventilation air. The exhaust fan will draw
air from the surrounding spaces to the security room for
ventilation. Also shut down FC-5 and AHU-3 during weekends
and unoccupied hours. This will lower annual energy cost by
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decreasing electric usage for the air handlers. Annual energy cost
for the systems will be reduced to $5,900.

Off-Peak kWh = 19,526 kWh
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